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TIHANSLATOR'S   PEEFACE 


It  is  a   curious  fact   that  there  does  not  exist  in  the   English 

language    a    single  complete  treatise  on  Metallurgj'.     There  are  a 

number  of  smaller  text-books,  mainly  adapted  to  the  use  of  students, 

which  cover  the  entire  field,  but  make  no  pretence  of  describing  it 

with  any  thoroughness  of  detail ;  and  there  are  a  number  of  very 

admirable  works  dedicated  to  the  metallurgy  of  individual  metals. 

Had  my  respected  teacher,  the  late  Dr.  John  Percy,  ever  carried  out 

his  magnificent  idea  of  a  comprehensive  series  of  volumes  on  this 

subject,  the  ideal  of  an  exhaustive  work  on  Metallurgy  would  have 

been  produced,  although  its  bulk  would  have  attained  the  formidable 

dimensions  of  a  small  library  in  itself — an  advantage  perhaps  to  the 

specialist,  but  a  less  commendable  feature  for  those  who  have  to  deal 

with  general  Metallurgy. 

Such  being  the  position  of  our  literature  of  this  subject,  I  venture 
to  think  that  I  am  rendering  the  English  metallurgist  a  distinct 
service  in  submitting  to  him  a  translation  of  the  most  recent  and 
most  exhaustive  work  on  the  subject  in  any  language,  from  the  pen 
of  that  eminent  metallurgical  authority,  Dr.  C.  Schnabel,  of  Clausthal. 
The  object  of  his  work  has  been  to  give  a  complete  account  of  the 
rnetalluigical  treatment  of  every  one  of  the  metals  ordinarily  em- 
I>Ioved  (except  iron),  together  with  all  the  recent  improvements  in 
the  art,  whilst  at  the  same  time  pointing  out  the  scientific  principles 
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underlying  each  process,  and  illustrating  each  by  examples  drawn 
from  actual  practice  in  various  parts  of  the  world.  Our  author  is 
especially  fitted  for  this  task,  having  had  many  years'  practical  ex- 
perience as  a  metallurgist  both  in  his  own  country  and  abroad, 
whilst  he  has  been  for  nine  years  professor  of  this  subject  at  the 
Royal  Mining  Academy  of  Clausthal,  and  has  had  especially  favour- 
able opportunities  for  studying  the  metnallurgical  methods  employed 
not  only  in  Germany,  but  also  in  the  other  countries  of  Europe,  in 
America,  Asia,  and  Australia,  in  the  course  of  his  extensive  travels. 

He  has  at  the  same  time  availed  himself  fully  of  all  contemporary 
Metallurgical  literature,  and  especially  of  the  works  of  three  well- 
known  American  writers,  namely,  Egleston,  Peters  and  Hofman. 
His  illustrations  have  been  drawn  partly  from  material  collected  by 
himself,  partly  from  the  authors  named,  and  from  his  own  previous 
work  and  that  of  Balling  on  the  same  subject. 

The  work  is  divided  into  two  volumes.  The  first  embraces  the 
metallurgy  of  copper,  lead,  silver  and  gold,  which  were  grouped 
together,  firstly  because  they  so  frequently  occur  together  in  the 
same  mineral  deposits  that  they  are  often  necessarily  extracted  side  by 
side  from  their  ores ;  and,  secondly,  because  their  treatment  has  been 
so  profoundly  modified  by  recent  improvements  that  more  space  is 
required  for  the  description  of  the  methods  employed  in  their  extrac- 
tion than  for  that  of  all  the  other  metals  put  together.  The  remain- 
ing metals  are  treated  of  in  Volume  II.,  the  most  important  among 
them  being  zinc,  nickel  and  mercury. 

As  regards  my  own  task  as  translator,  my  chief  object  has  been 
to  present  a  faithful  interpretation  of  the  original,  and  I  have  there- 
fore subordinated  the  style  of  the  work  to  the  all-important  con- 
sideration of  accuracy.  With  the  full  consent  and  authorisation  of 
Dr.  Schnabel,  I  have  in  some  places  introduced  brief  notices  of  any 
new  processes  or  improvements  on  old  ones,  that  have  been  brought 
out  since  the  German  original  was  produced.     These  are  naturally 
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most  frequent  in  the  first  volume,  which  was  published  in  1894,  or 
more  than  two  years  before  the  second  volume,  and  are  largely  con- 
fined to  gold,  the  metallurgy  of  which  has  made  such  rapid  advances 
in  recent  years.  I  have  also  been  at  pains  to  correct  as  fully  as 
possible  all  typographical  errors  in  the  original.  The  opinions 
expressed  are,  however,  throughout  the  author's  own,  my  responsibility 
being  confined  to  their  faithful  rendering  into  English. 

I  have  been  assisted  in  this  task  by  Mr.  Saville  Shaw,  M.Sc,  of 

the  Durham  College  of  Science,  and  Mr.  John  McKillop,  late  of  Pulo 

Brani,  Singapore,     The  former  has  translated  the  sections  on  lead 

and  silver ;  the  latter  the  second  half  of  Volume  11.  from  the  section 

on  tin  onwards ;  and  he  has  also  contributed  a  brief  account  of  his 

own  method  of  tin  smelting  at  Pulo  Brani.     I  am  greatly  indebted 

to  these  gentlemen  for  the  zeal  and  knowledge  which  they  have 

brought  to  bear  on  their  work,  but  think  it  only  right  to  add  that  I 

have  repeatedly  revised  their  translations,  and  am  fully  prepared  to 

tate  upon  myself  the  sole  responsibility  for  any  errors  that  may  be 

found,  whether  in  this  part  or  in  the  remainder  of  the  translation. 

HENRY  LOUIS. 

The  DiTKHAM  Coi-lege  of  Science, 

y  E  W-CASTU5-  UPON  -TyNE.      1 898. 


PREFACE   TO   THE    SECOND   EDITION 

The  Second  English  Edition,  of  which  the  First  Volume  is  now 
issued,  is  a  translation  of  the  Second  German  Edition,  the  First 
Volume  of  which  was  brought  out  by  Dr.  Schnabel  in  1902,  and 
which  brought  the  subject  of  which  he  treats  thoroughly  up  to  date. 
The  Second  Volume  of  the  Translation,  the  original  of  which  was 
published  in  1904,  will,  I  hope,  be  ready  early  in  1906.  The 
translation  has  been  performed  with  the  same  exactitude  as  was  that 
of  the  previous  edition,  literary  style  being  throughout  subordinated 
to  literal  accuracy.  I  have  much  pleasure  in  acknowledging  the 
able  assistance  of  Dr.  J.  A.  Smythe,  M.Sc,  of  this  College,  who  has 
undertaken  the  greater  part  of  the  laborious  task  of  revision ;  but,  as 
before,  I  am  responsible  for  the  final  form  in  which  this  work 
appears. 

HENRY  LOUIS. 

Armstrong  College, 
Newcastle-upon-Tyne.     1905. 


AUTHOB'S  PKEFACE  TO  THE  SECOND  EDITION 

In  issuing  the  Second  Edition  of  this  work,  I  have  endeavoured 
to  include  as  far  as  possible  all  the  advances  in  Metallurgy  that  have 
been  made  since  the  publication  of  the  first  edition.  In  the  branch 
of  Electro-metallurgy  I  have  derived  especial  assistance  from  the 
books  and  other  publications  of  Dr.  Borchers,  to  whom  I  beg  to 
tender  my  warmest  thanks  therefor. 

Since  a  knowledge  of  the  development  of  Metallurgy  from  the 
earliest  periods  is  of  especial  value  to  the  metallurgist,  and  more 
particularly  in  stimulating  his  inventive  genius,  particular  atten- 
tion has  been  devoted  to  the  older  metallurgical  methods  and 
appliances. 

THE  AUTHOR. 

Berlin,  June,  1901. 
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COPPER 

Physical  Properties^ 

Copper  is  distinguished  from  all  other  metals  by  a  peculiar  red 
colour,  which  is  pinkish  or  yellowish  on  the  fresh  fracture  of  the  pure 
metal,  but  inclines  to  purple  in  the  case  of  copper  containing  cuprous 
oxide. 

The  fracture  of  cast  copper  is  hackly-granular ;  in  forged  or  rolled 
copper  it  is  fibrous,  and  shows  a  pale  red,  silky  lustre. 

Copper  ciystallises  in  the  cubic  system.  Its  specific  gravity, 
according  to  Marchand  and  Scheerer,  is  8*940  for  pure  crystalline 
copper,  8914  for  electro-deposited  copper,  8*921  for  cast  copper,  and 
8*952  for  rolled  and  hammered  copper.  According  to  Hampe,^  the 
specific  gravity  of  pure  and  perfectly  compact  copper  at  0"*  C.  in  vacuo 
is  8*945,  water  at  4°  C.  being  taken  as  unity.  Ordinary  commercial 
copper  is  more  or  less  porous,  and  its  specific  gravity  varies  between 
8*2  and  8*5  according  to  the  same  authority. 

Copper  possesses  great  hardness  and  tenacity,  and  is  at  the  same 
time  so  extensible  that  it  can  be  beaten  and  drawn  into  the  thinnest 
leaf  and  wire.  By  hammering  and  rolling  at  ordinary  temperatures 
it  becomes  harder,  but  regains  its  malleability  when  heated  to  the 
melting-point  of  tin. 

Its  conductivity  for  heat  is  898,  gold  being  taken  at  1000.  Its 
electric  conductivity  is  93*08,  silver  being  taken  at  100.  The  weld- 
ability  of  copper,  which  is  exhibited  only  at  bright  redness,  is  ex- 
tremely feeble. 

The   melting-point   of  copper   has  not   been   determined   with 

'  See  the  classical  investigations  of  Hampe,  Zeitsch,  fiir  Berg-j  Hiitten-  u.  Sal. 
Wt^n,  1873,  21,  218 ;  1874,  22,  93  ;  1876,  24-6.     Chemiker-Ztg.  1892,  16,  No.  42. 
«  Ztifsrh.  fiir  Berg-,  Hiitten-  u,  Sal,  Wenn,  1873,  21,  218. 
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lead  it  becomes  slightly  red-short,  and  with  0*4  per  cent,  slightly 
cold-short.     With  1  per  cent,  of  lead,  copper  is  unworkable* 

According  to  Hampe,  cuproso-lead  oxide  (2Cu20,PbO)  is  far  less 
injurious  than  metallic  lead.  As  much  as  1*45  per  cent,  of  this  com- 
pound may  be  present  in  copper  without  making  it  perceptibly  red- 
short,  although  this  effect  would  be  strongly  produced  by  the  reduc- 
tion of  the  oxide  to  metal,  even  in  the  case  of  a  far  smaller  quantity. 

Bismuth  is  the  most  injurious  impurity  in  copper,  as  very  small 
quantities  render  the  copper  unworkable.  According  to  Hampe, 
copper  containing  as  little  as  0*02  per  cent,  of  bismuth  is  red-short, 
and  005  per  cent,  cold-short.  With  0*1  per  cent,  the  copper  crum- 
bles under  the  hammer  at  a  red  heat.  The  presence  of  a  certain 
proportion  of  antimony  somewhat  counteracts  the  tendency  of  bis- 
muth to  produce  cold-shortness.  According  to  Keller,^  a  few  thou- 
sandths per  cent,  of  bismuth  render  copper  unsuitable  for  electric 
conductors.  According  to  Edwin  S.  Sperry^  brass  may  contain  up  to 
O'Ol  per  cent,  of  bismuth  without  being  injuriously  aflfected  by  it. 

Oxide  of  bismuth,  which  is  mechanically  taken  up  by  copper, 
affects  it  like  the  metal,  but  in  a  less  degree  as  far  as  cold-shortness 
is  concerned.  Its  effect  is  yet  further  diminished  if  the  oxide  of 
bismuth  is  combined  with  cuprous  oxide. 

Arsenic  in  small  quantities  has  no  injurious  effect  upon  copper. 
The  old  writers  maintained  that  Yinnr  ^f  arsenic  in  copper  suflSced 
to  produce  both  red-  and  cold-shortness,  but  Hampe  has  found  that 
0'6  per  cent,  of  arsenic  produces  no  bad  effects ;  only  when  the 
proportion  of  arsenic  rose  to  1  per  cent,  could  a  slight  degree  of  red- 
shortness,  but  no  cold-shortness,  be  noticed.  According  to  the  most 
recent  researches  of  Hampe,*  copper  with  0*8  per  cent,  of  arsenic 
could  be  drawn  into  the  very  finest  wire.  Small  percentages  of 
arsenic  (0*216  per  cent.)  even  increase,  according  to  Hampe,  the 
tenacity  of  copper,  but  diminish  its  electrical  conductivity.  According 
to  Stahl  ^  a  small  amount  of  arsenic  is  in  so  far  beneficial  in  that  it 
prevents  the  copper  from  becoming  porous.  According  to  Keller  ^ 
a  few  thousandths  per  cent,  of  arsenic  render  copper  unfit  for  use  as 
an  electrical  conductor. 

Antimony  in  small  quantities  does  not  affect  the  good  qualities  of 
copper.  It  has  been  stated  that  i^Vv  o^  antimony  acts  injuriously 
on  copper,  and  renders  it  useless  for  the  manufacture  of  brass  wire 
and  sheet  brass,  but  Hampe*  has  shown  that  copper  with  0*529  per 

1  The  Mineral  Indiintry,  1899,  p.  259.  «  m^,^  p  260. 

»  Chemiker-Ztg.,  1892,  16,  No.  42.  *  Inaugural  Dissertation,  Tubingen,  1886. 

5  The  Mineral  Industry,  1899,  p.  259.  «  Chemiker-Ztg,  1892,  16,  No.  42. 
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cent,  of  antimony  can  be  drawn  into  the  finest  wire  just  as  well  as 
pure  copper.  Copper  containing  0*5  per  cent,  of  antimony  can  be 
worked  quite  well  into  hollow  ware  according  to  Brand.^  Hampe 
finds  that  1  per  cent,  of  antimony  makes  copper  extremely  red-short, 
whilst  an  equal  proportion  of  arsenic  imparts  this  property  only  to  a 
slight  degree.  Like  arsenic,  antimony  in  small  amounts  (0260  per 
cent.)  increases,  according  to  Hampe,  the  tenacity  of  copper,  but 
impairs  its  electrical  conductivity.  Keller^  states  that  a  few 
thousandths  per  cent,  of  antimony  render  copper  unsuitable  for 
electric  conductors.  According  to  Edwin  S.  Sperry'  brass  may 
contain  up  to  0*019  per  cent,  of  antimony  without  being  injuriously 
affected  thereby. 

Nickel  in  small  quantities  appears  to  exercise  no  injurious  effect 
upon  the  properties  of  copper.  Old  authorities  *  state  that  a  pro- 
portion of  nickel  up  to  03  per  cent,  does  no  harm ;  there  are  no 
more  recent  observations  on  this  subject.  According  to  Hampe  the 
coexistence  of  nickel  and  antimony  up  to  a  total  of  0*3  per  cent. 
in  copper  does  not  affect  the  malleability  of  that  metal  in  the  cold. 

Tellurium,  which  has  been  found  by  Egleston  in  some  brands  of 
American  copper,  causes  red-shortness  when  present  even  in  very 
small  proportion. 

According  to  Hampers  *  latest  experiments,  silicon  hardens  copper 
without  impairing  its  toughness  or  its  malleability  when  less  than 
3  per  cent,  is  present.  With  6  per  cent,  of  silicon,  copper  becomes 
brittle,  with  8  per  cent,  it  is  readily  pulverised,  and  with  11*7  per 
cent,  it  is  as  brittle  as  glass.  The  electrical  conductivity  of  copper 
is  impaired  by  small  proportions  (052  per  cent.)  of  silicon. 

Sulphur  often  occurs  in  unrefined  copper  as  cuprous  sulphide 
(CujS).  According  to  Hampe  it  renders  the  metal  cold-short ;  he 
finds  that  copper  with  0*25  per  cent,  of  sulphur  is  still  moderately 
malleable,  but  with  0*5  per  cent,  it  becomes  very  cold-short,  although 
not  red-short. 

Carbon  is  not  at  all  absorbed  by  copper  according  to  Hampe. 
Up  till  the  year  1874  all  metallurgists  accepted  the  opinion  of 
Karsten  that  molten  copper  is  capable  of  absorbing  carbon,  and 
that  this  element,  which  was  said  to  be  taken  up  in  refining,  in  the 
case  oioverpoling  had  an  injurious  effect  upon  the  qualities  of  the  metal. 

Hampe  has  shown  that  oveiyoled  copper,  Le,  copper  that  has  been 

^  Danimer*s  CAem.  Techn^ogie.  '  Loc,  cit, 

»  Trans.  Amer.  Inst.  Min.  Eng.  1898. 
*  Plattner-Richter,  Allgem.  Hiittenkunde,  p.  142. 
»  Ghemiker-Ztg.  1892,  16,  No.  42. 
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poled  for  too  long  a  time,  contains  no  combined  carbon,  and  that 
the  defective  properties  of  overpoled  copper  might  be  produced  both 
by  the  reduction  to  the  metallic  state  of  certain  metallic  oxides  and 
salts  (cuproso-lead  oxide,  oxide  of  bismuth,  antimoniate  of  bismuth, 
arseniate  of  lead)  dissolved  in  the  copper,  as  well  as  by  the  absorp- 
tion by  the  metal  of  the  gases  produced  in  poling  (carbon  monoxide 
and  hydrogen). 

Phosphorus  combines  readily  with  molten  copper ;  small  propor- 
tions of  this  element  have  no  injurious  effect,  but  larger  amounts 
(over  0*5  per  cent.)  render  it  red-short. 

Salts, — Molten  copper  has  the  property  of  dissolving  certain 
metallic  salts  which,  when  present  in  large  proportion,  affect  it 
injuriously.  The  injurious  effect  of  certain  of  these  salts  is  however 
much  less  than  that  of  the  metals  reduced  from  them.  That  is  why 
copper,  in  which  such  salts  are  reduced  to  the  metallic  state  by  over- 
poling,  is  much  inferior  to  the  unrefined  copper  in  which  they  are 
still  present  as  salts.  Hampe  enumerates  amongst  such  salts  anti- 
moniate and  probably  also  arseniate  of  bismuth,  arseniate,  and  prob- 
ably also  antimoniate  of  lead,  and  antimoniate  of  copper.  Certain 
salts  do  the  copper  more  harm  than  do  the  metals  reduced  from 
them ;  such  are  arseniate  of  copper  and  so-called  copper-mica,  an 
antimoniate  of  copper  and  nickel. 

Antimoniate  of  bismuth,  according  to  Hampe,  only  affects  copper 
when  its  proportion  rises  to  07  per  cent.,  when  it  produces  both  red- 
and  cold-shortness.  When  the  salt  is  reduced,  however,  a  small 
proportion  sufiices  to  cause  red-shortness.  The  antimony  reduced 
from  the  salt  diminishes  the  tendency  of  the  bismuth  to  render  copper 
cold-short. 

Arseniate  of  lead  is  dissolved  by  molten  copper  just  like  cuprous 
oxide.  According  to  Hampe,  arseniate  of  lead  to  the  extent  of 
0*657  per  cent.,  only  makes  copper  slightly  red-short,  whilst  after  the 
reduction  of  the  salt  it  is  found  to  be  cold-short  and  extremely  red- 
short. 

Antimoniate  of  copper  in  small  proportions  has,  according  to 
Hampe,  no  injurious  effect  upon  the  properties  of  copper ;  whereas 
copper  is  inclined  to  red-shortness  when  it  contains  0  5  per  cent,  of 
antimony,  a  proportion  of  antimoniate  of  copper  corresponding  to  the 
above  percentage  of  antimony  produces  neither  cold-  nor  red-short- 
ness. On  the  contrary  such  copper  proved  to  be  superior  to  most 
commercial  coppers  in  ductility. 

Arseniate  of  copper,  to  the  extent  of  04  per  cent,  has,  according 
to  Hampe,  no  noticeable  effect  upon  the  properties  of  copper.     A 
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higher  proportion,  however,  makes  it  cold-short,  and  2  per  cent,  of 
the  salt  renders  it  red-short.  The  copper  is  improved  by  reduction 
of  the  salt,  copper  with  0*5  per  cent,  of  arsenic  being  neither  cold- 
nor  red-short. 

Copper    mica    is   an  antimoniate    of  copper  and  nickel,  having, 
accoiding  to  Hampe,  the  formula : 

6Cu20,Sb205 + SNiCSbjOg. 

This  salt  forms  yellow  scales  with  a  metallic  lustre,  which  are  found 
to  separate  out  on  the  surface  and  in  the  interior  of  many  brands  of 
copper  (dry  copper).  According  to  Hampe,  0*726  per  cent,  of  copper 
mica  diminishes  only  the  toughness,  but  not  the  ductility  of  copper, 
either  hot  or  cold ;  with  1*44  per  cent,  of  copper  mica,  copper  be- 
comes cold-short.  After  the  reduction  of  the  salt,  however,  the 
copper  was  found  to  be  as  ductile  in  the  cold  as  pure  copper,  but 
somewhat  harder. 

Gases. — Carbon  monoxide,  sulphur  dioxide  and  hydrogen  are 
dissolved  by  molten  copper,  and  are  retained  by  it  after  solidification 
in  the  shape  of  blisters ;  they  thus  produce  unsound  spots  in  the 
metal,  both  in  the  heat  and  in  the  cold. 

Chemical  Properties 

Copper  iB  unchanged  in  dry  air  at  ordinary  temperatures.  In 
damp  air  and  in  the  presence  of  carbon  dioxide,  it  becomes  coated  with 
a  film  of  basic  carbonate  of  copper  (verdigris).  Heated  to  redness  in 
air  it  becomes  covered  with  a  grayish-black  layer  of  cupric  and 
cuprous  oxides,  so-called  copper  scale.  The  outer  part  of  the  layer 
consists  of  cupric,  the  inner  of  cuprous  oxide ;  the  latter,  on  long 
continued  heating  to  redness,  is  also  transformed  to  cupric  oxide. 
The  scale  is  easily  detached  from  copper  by  bending  the  latter,  or  by 
quen9hing  it  in  water. 

Copper  is  not  attacked  by  water  free  from  air  nor  by  limewater ; 
but  with  access  of  air  it  is  oxidised  by  water  that  contains  alkalies, 
acids,  or  various  salts. 

Copper  is  easily  soluble  in  nitric  acid,  aqua  regia,  and  boiling 
concentrated  sulphuric  acid ;  dilute  sulphuric  acid  only  dissolves  it 
with  free  access  of  air.  It  dissolves  slowly  in  hydrochloric  acid  with 
access  of  air. 

It  has  the  greatest  affinity  for  sulphur  of  all  metals,  and  therefore 
combines  with  that  element  with  especial  energy. 

If  copper,  rendered  impure  by  the  presence  of  other  elements,  be 
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used  as  the  anode  of  an  electrical  circuit,  an  acidified  solution  of 
copper  (such  as  a  solution  of  sulphate  of  copper  to  which  free  sul- 
phuric acid  has  been  added)  as  the  electrolyte,  and  a  plate  of  copper 
as  the  cathode,  the  copper  may  be  precipitated  on  the  cathode  in 
a  state  of  purity,  provided  that  a  current  of  suitable  power  be 
employed. 

Chemical  Reactions  of  the  Compounds  of  Copper  that  are  of 

Importance  in  its  Extraction 

CUPROUS  OXIDE  (CUgO) 

Cuprous  oxide  melts  at  a  red  heat,  and  is  miscible  in  all  propor- 
tions with  molten  copper.  In  the  state  of  powder  it  may  be  trans- 
formed into  cupric  oxide  by  heating  to  redness  in  the  air. 

It  is  easily  reduced  to  the  metallic  state  by  carbon,  carbon  mon- 
oxide, hydrogen  and  hydrocarbons.  It  forms  silicates  with  silica. 
With  oxide  of  lead  it  melts  to  a  very  limpid  liquid. 

When  cuprous  oxide  is  heated  with  sulphide  of  copper  in  suitable 
proportions,  the  whole  of  the  copper  is  reduced  from  both  compounds 
with  the  evolution  of  sulphur  dioxide.  If  the  quantity  of  cuprous 
oxide  is  too  small  in  proportion  to  that  of  the  sulphide  of  copper,  a 
portion  of  the  latter  remains  undecomposed. 

When  cuprous  oxide  is  heated  with  sulphide  of  iron  (FeS)  in 
suitable  proportions,  the  copper  is  reduced  to  the  metallic  state, 
whilst  the  iron  forms  ferrous  oxide,  and  the  sulphur  escapes  as 
sulphur  dioxide.  If  the  amount  of  cuprous  oxide  is  too  small  in 
proportion  to  the  sulphide  of  iron,  cuprous  sulphide,  ferrous  oxide 
and  sulphur  dioxide  are  formed,  when  the  original  substances  are 
present  in  certain  proportions.  If  there  is  still  less  than  this  pro- 
portion of  cuprous  oxide,  a  part  of  the  sulphide  of  iron  will  remain 
undecomposed  or  reduced  to  a  lower  sulphide,  and  combine  with  the 
sulphide  of  copper  to  form  a  copper  matte  or  regulus  (the  metal  of  the 
English  copper  smelter).  The  products  will  thus  be  copper  matte, 
ferrous  oxide  and  sulphur  dioxide. 

Nitric  acid  first  converts  cuprous  into  cupric  oxide,  and  then 
dissolves  the  latter. 

Sulphuric  acid  decomposes  cuprous  oxide  into  metallic  copper  and 
cupric  oxide,  which  is  then  dissolved  in  the  acid. 

Hydrochloric  acid  dissolves  cuprous  oxide,  forming  cuprous  chlor- 
ide, which  can  be  precipitated  as  a  white  powder  by  the  addition  of 
water. 
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Cuprous  oxide  is  soluble  in  ammonia,  forming  a  colourless  solu- 
tion, which  on  exposure  to  the  air  becomes  blue,  owing  to  the  forma- 
tion of  ammonio-cupric  hydrate. 
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Cupric  oxide  is  infusible.  With  lead  oxide  it  melts,  forming  a 
slag.  It  can  also  be  melted  in  admixture  with  lead.  According  to 
Earsten,  a  compound  of  oxide  of  lead  and  cuprous  oxide,  or  an  alloy 
of  lead  and  copper,  together  with  a  slag  containing  cuprous  oxide,  are 
said  to  be  formed,  according  to  the  proportions  of  the  two  sub- 
stances. 

Cupric  oxide  is  easily  reduced  to  metal  by  carbon,  carbon  mon- 
oxide, hydrogen  and  hydrocarbons. 

With  silica  it  forms,  according  to  the  experiments  of  Percy  and 
Rnapp,  a  blood-red  slag  containing  principally  cuprous  oxide,  in  the 
presence  of  reducing  gases.  If  these  latter  are  excluded,  a  half- 
melted  opaque  mass  is  produced,  of  a  brownish-red  colour  and  black 
surface. 

Heated  with  sulphide  of  copper  (CugS)  in  proper  proportions,  the 
total  copper  contents  of  both  compounds  are  reduced  to  metal  with  the 
evolution  of  sulphur  dioxide,  as  in  the  corresponding  case  of  cuprous 
oxide.  With  less  cupric  oxide,  in  certain  proportions,  copper,  cuprous 
oxide  and  sulphur  dioxide  are  produced,  whilst  if  the  proportion  of 
cupric  oxide  falls  below  a  certain  limit,  some  of  the  sulphide  of  copper 
escapes  decomposition. 

When  cupric  oxide  is  heated  with  sulphide  of  iron  in  suitable 
proportions,  as  in  the  corresponding  reaction  with  cuprous  oxide,  the 
copper  is  separated  in  the  metallic  state,  ferrous  oxide  is  formed,  and 
sulphur  ilioxide  evolved.  With  less  cupric  oxide  than  is  required  for 
this  reaction,  cuprous  sulphide,  ferrous  oxide  and  sulphur  dioxide  are 
produced,  and  with  still  less  cupric  oxide  the  products  are  iron-copper 
sulphide  (copper  matte),  ferrous  oxide  and  sulphur  dioxide. 

Cupric  oxide  is  readily  soluble  in  acids,  also  in  ammonia  and 
salts  of  ammonia. 

By  the  action  of  a  solution  of  ferrous  chloride  on  cupric  oxide, 
ferric  hydrate,  cupric  and  cuprous  chlorides  are  formed;  ferric 
chloride  solution  forms  cupric  chloride  and  ferric  hydrate. 

Ferric  sulphate  acts  on  cupric  oxide  producing  copper  sulphate 
and  basic  ferric  sulphate  or  ferric  hydrate  ;  ferrous  sulphate  transforms 
it  into  copper  sulphate  with  production  of  basic  ferric  sulphate. 

Carbonates  of  copper  react  like  cupric  oxide. 
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SILICATES  OF  COPPER. 

Silicates  of  copper  are  reduced  to  the  metallic  state  by  carbon  in 
the  presence  of  a  stronger  base  (FeO  or  CaO).  Silicates  of  copper  and 
sulphide  of  iron  react  mutually  when  heated  together,  producing 
copper  sulphide  and  silicates  of  iron. 

Silicates  of  copper  and  metallic  iron  in  suitable  proportions  in- 
teract at  a  red  heat,  producing  silicate  of  iron  and  metallic  copper. 

SULPHIDE  OF  COPPER 

Of  the  two  sulphides  of  copper,  only  cuprous  sulphide  (CugS)  is  of 
special  metallurgical  importance.  Cupric  sulphide  (CuS)  is  not  stable 
at  high  temperatures,  but  is  decomposed  on  heating  into  cuprous 
sulphide  and  sulphur.  According  to  Mourlot  ^  cupric  sulphide  is  con- 
verted into  cuprous  sulphide  in  a  few  minutes  by  the  heat  generated 
by  the  passage  of  a  current  of  900  amperes  and  45  volts ;  on  con- 
tinuing to  pass  the  current  the  whole  of  the  sulphur  is  driven  off, 
metallic  copper  alone  remaining. 

Cuprous  sulphide  is  more  fusible  than  copper  itself,  and  melts 
with  other  metallic  sulphides,  even  baric  and  calcic  sulphides,  to 
homogeneous?  masses,  known  as  matte,  regulvs,  metal,  &c.  At  a  tem- 
perature exceeding  its  melting  point  cuprous  sulphide  dissolves 
metallic  copper,  which  separates  out  again  on  cooling ;  if  the  cooling 
is  slow  the  copper  separates  as  a  button,  if  rapid  as  moss  copper.* 

When  cuprous  sulphide  is  calcined  in  the  open  air  (oxidising 
roasting)  a  part  of  the  sulphur  escapes  as  sulphur  dioxide,  the 
copper  being  oxidised.  Another  portion  is  further  oxidised  to 
sulphur  trioxide,  which  converts  a  part  of  the  copper  oxide  into 
cupric  sulphate ;  the  latter  when  more  strongly  heated  is  split  up 
into  cupric  oxide  and  sulphur  trioxide  or  sulphur  dioxide  and  oxygen. 
By  a  suflSciently  long  continued  calcination  at  the  necessary  tem- 
perature, cupric  oxide  is  produced ;  with  imperfect  roasting  the  result 
is  a  mixture  of  cuprous  oxide  (reduced  from  cupric  oxide  by 
sulphur  dioxide),  cupric  oxide,  cupric  sulphate  and  undecomposed 
sulphide. 

The  ultimate  product  of  the  complete  calcination  of  compounds 
or  mixtures  of  sulphides  of  copper  and  iron  is  a  mixture  of  the 
oxides  of  copper  and  iron.     If  the  process  is  stopped  before  all  the 

1  Compt.  rend.  1897,  124,  L  708. 

3  Hampe,  Ghemiktr-Ztg,  1893,  17,  Ko.  92. 
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sulphur  is  removed,  the  result  is  a  mixture  of  oxides,  sulphates  and 
sulphides  of  copper  and  iron. 

When  sulphide  of  copper  is  roasted  with  substances  capable  of 
evolving  chlorine,  such  as  salt,  chloridie  of  magnesium,  Abraumsalz,^ 
&c.  (chloridising  roasting),  the  copper  is  converted  into  cupric 
chloride  and  a  small  portion  into  cuprous  chloride,  whilst  the  metals 
originally  present  as  chlorides  are  converted  into  sulphates,  and 
sulphur  dioxide  and  hydrochloric  acid  are  evolved. 

When  copper  sulphide  is  roasted  with  sulphates  of  iron  or  with 
pyrites,  the  copper  is  partly  transformed  into  sulphate ;  when  heated 
with  nitrate  of  iron,  cupric  sulphate  is  produced. 

When  sulphide  of  copper  is  heated  with  oxides  of  copper  the 
reaction  already  stated  takes  place  ;  if  the  sulphide  of  copper  is  com- 
bined with  sulphide  of  iron,  the  oxides  of  copper  also  attack  the 
latter  as  stated  above. 

When  mixtures  of  oxides  and  sulphides  of  copper  and  iron,  con- 
taining suflBcient  sulphur  to  convert  all  the  copper  present  into 
sulphide,  are  heated  with  carbon  and  silica,  all  the  copper  will  unite 
with  sulphur,  and  all  the  iron,  as  protoxide,  with  silica.  If  sulphur  is 
present  in  excess,  part  of  it  combines  with  the  iron,  and  a  sulphide 
of  copper  and  iron,  or  copper  matte,  is  produced.  Any  copper  silicate 
will  be  decomposed  by  sulphide  of  iron  into  sulphide  of  copper  and 
silicate  of  iron. 

When  a  current  of  air  under  pressure  is  forced  through  molten 
sulphide  of  copper,  the  copper  is  reduced  vrith  the  formation  of 
sulphur  dioxide. 

When  an  air  current  is  forced  through  molten  copper  matte 
(sulphide  of  iron  and  copper)  rich  in  copper,  in  the  presence  of  silica, 
the  copper  is  reduced  to  metal,  the  iron  forms  silicate  (slag)  and  the 
sulphur  escapes  as  sulphur  dioxide. 

When  matte,  rich  in  iron,  is  thus  treated,  the  greater  part  of 
the  iron  can  be  removed  and  slagged  off,  with  the  formation  of  a  matte 
rich  in  copper. 

Oxide  of  lead  is  decomposed  by  copper  sulphide  with  the  evolution 
of  sulphur  dioxide,  metallic  lead  and  a  mixture  of  oxide  of  lead  and 
cuprous  oxide  being  produced.  According  to  Percy,  this  reaction  is 
only  complete  when  there  is  twenty  times  as  much  oxide  of  lead 
present  as  there  is  sulphide  of  copper. 

Metallic  lead  has  practically  no  effect  upon  sulphide  of  copper. 

'  AbraumseUz,  "  stripping  salt,"  is  a  Dame  applied  to  the  upper  layers  of  mixed 
chlorides  of  magnesium,  potassium  and  sodium,  overlying  the  beds  of  rocksalt,  &c. 
atStassfurt. 
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Metallic  iron  only  partially  decomposes  sulphide  of  copper  when 
fused  with  it,  the  products  being  a  button  containing  metallic  copper 
and  metallic  iron,  and  a  ferriferous  copper  matte. 

Zinc,  too,  only  partly  decomposes  sulphide  of  copper,  the  results 
of  the  fusing  of  the  two  substances  together  being  an  alloy  of  copper 
and  zinc,  and  a  large  amount  of  copper  matte  containing  zinc. 

Tin  and  antimony  behave  like  zinc. 

According  to  Berthier,  carbon  partly  reduces  copper  sulphide  at 
high  temperatures  with  the  formation  of  carbon  disulphide. 

According  to  Berthier  and  H.  Rose,  hydrogen  is  said  not  to  attack 
sulphide  of  copper.  More  recent  experiments  of  Hampe  have  how- 
ever shown  that  at  a  red  heat  sulphide  of  copper  is  slowly  but 
completely  decomposed  by  hydrogen  with  the  evolution  of  sulphuret- 
ted hydrogen. 

Water  vapour  has  but  little  eflfect  on  sulphide  of  copper  at  a  red 
heat ;  at  a  white  heat,  however,  the  latter  is  reduced  to  the  metallic 
state  with  the  evolution  of  sulphuretted  hydrogen.  According  to 
Knapp  the  oxygen  of  the  water  combines  with  the  copper  to  form 
cupric  oxide,  which  reacts  with  the  sulphide  of  copper  still  present, 
forming  metallic  copper  and  sulphur  dioxide. 

According  to  Hampe  carbon  dioxide  can  slowly  reduce  sulphide  of 
copper  at  a  bright  red  heat,  sulphur  dioxide  and  carbon  monoxide 
being  generated. 

According  to  Hampe  carbon  monoxide  does  not  attack  copper 
sulphide  at  a  red  heat. 

Cuprous  sulphide  is  attacked  by  a  solution  of  ferric  chloride, 
cuprous  chloride,  ferrous  chloride  and  sulphur  being  produced :  cupric 
sulphide  forms  cupric  chloride,  ferrous  chloride  and  sulphur. 

When  copper  sulphide  is  treated  with  ferrous  chloride  and  hydro- 
chloric acid  in  the  presence  of  air,  the  copper  forms  cupric  and 
cuprous  chlorides  and  cupric  sulphate,  sulphate  of  iron  being  produced 
at  the  same  time. 

Ferric  sulphate  solution  transforms  copper  sulphide  into  copper 
sulphate  with  the  formation  of  ferrous  sulphate. 

Cupric  chloride  solution  attacks  copper  sulphide,  producing 
cuprous  chloride  with  the  separation  of  sulphur. 

If  copper  sulphide  or  copper  matte  containing  iron  is  made  the 
anode  of  an  electric  circuit,  a  solution  of  sulphate  of  copper  acidified 
with  sulphuric  acid  forming  the  electrolyte,  and  a  plate  of  copper  the 
cathode,  the  copper  may  be  deposited  on  the  cathode  by  suitably 
regulating  the  current  strength,  whilst  sulphur  separates  out  at  the 
anode,  and  iron  enters  into  the  solution  of  the  electrolyte. 
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CUPRIC  SULPHATE  (CuSO^  +  SHgO) 

Crystallised  copper  sulphate  is  soluble  in  4  parts  of  cold  water. 
Heated  to  100°  C.  it  loses  4  molecules  of  water  of  crystallisation,  and 
at  200**  C.  the  whole  of  it.  At  a  bright  red  heat,  copper  sulphate  is 
decomposed  into  cupric  oxide  and  sulphur  trioxide  or  sulphur  dioxide 
and  oxygen.  It  is  converted  into  metallic  copper  by  an  electric 
current  of  900  amperes  and  45  volts.^ 

When  copper  sulphate  is  heated  with  carbon,  metallic  copper  and 
carbon  and  sulphur  dioxides  are  formed  at  a  low  red  heat :  at  higher 
temperatures,  sulphide  of  copper  and  carbon  dioxide  are  produced. 

When  heated  with  cuprous  sulphide  it  behaves  like  cupric  and 
cuprous  oxides.  It  may  be  assumed  that,  before  the  temperature  is 
attained  at  which  this  reaction  occurs,  the  greater  part  of  the  sulphate 
will  have  been  changed  into  oxide  of  copper,  so  that  it  is  the  latter 
compound  chiefly  that  takes  part  in  the  reaction. 

Copper  is  precipitated  in  the  metallic  state  from  solutions  of 
copper  sulphate  by  iron  and  zinc,  and  as  sulphide  by  sulphuretted 
hydrogen  and  alkaline  sulphides. 

Copper  sulphate  solution  is  decomposed  by  the  electric  current, 
copper  being  deposited  at  the  cathode,  whilst  the  acid  radical  appears 
at  the  anode.  If  there  is  a  solution  of  ferrous  sulphate  at  the  anode 
— the  latter  not  being  soluble — the  anion  (SO^)  will  convert  the 
ferrous  into  ferric  sulphate. 

CUPROUS  CHLORIDE  (CU2CI2) 

is  but  slightly  soluble  in  water,  but  dissolves  readily  in  hydrochloric 
acid,  or  in  solutions  of  the  chlorides  of  sodium,  potassium,  calcium, 
magnesium  and  zinc,and  of  ferrous, manganous  and  cobaltous  chlorides. 
From  a  solution  of  cuprous  chloride,  iron  and  zinc  precipitate 
metallic  copper,  sulphuretted  hydrogen  and  sulphides  of  the  alkalies 
and  alkaline  earths  precipitate  sulphide  of  copper,  and  lime  precipi- 
tates cuprous  oxide. 

Cuprous  chloride  solution  is  decomposed  by  the  electric  current, 
copper  being  deposited  at  the  cathode  and  chlorine  liberated  at  the 
anode.  If  cuprous  chloride  exists  in  solution  at  the  anode  it  will  be 
converted  into  cupric  chloride  by  the  chlorine  evolved. 

CUPRIC  CHLORIDE  (CuClj) 

is  readily  soluble  in  water.     It  combines  with  cupric  oxide  in  several 
proportions  to  form  oxychlorides.     From  its  solution  iron  and  zinc 

1  Mouilot,  Compl,  rend.  1897    124   I.  768. 
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precipitate  metallic  copper,  sulphuretted  hydrogen  and  sulphides  of 
the  alkalies  and  alkaline  earths  precipitate  copper  sulphide,  lime 
precipitates  cupric  hydrate. 

When  sulphur  dioxide  is  passed  into  cupric  chloride  solution, 
cuprous  chloride  is  precipitated. 

The  electric  current  deposits  copper  at  the  cathode  and  evolves 
chlorine  at  the  anode. 

Ores  of  Copper 
The  most  important  ores  of  copper  are  the  following : — 

NATIVE   COPPER 

This  occurs  in  large  quantities  on  Lake  Superior  in  the  State  of 
Michigan,  and  at  Santa  Rita  in  New  Mexico  (U.S.A).  It  is  also 
found  abundantly  in  Chili  as  copper  sand  with  60  to  90  per  cent,  of 
metal,  and  at  Burra-Burra  in  South  Australia. 

CUPRITE  (CujO) 

contains  88*8  per  cent,  of  copper.  It  is  abundant  at  Santa  Rita  in 
New  Mexico  and  at  Clifton  in  Arizona,  and  used  to  be  found  in  large 
quantity  at  Burra-Burra.  It  has  also  been  met  with  in  Chili, 
Colombia,  and  Perm  in  Russia.  Tile  ore  is  an  intimate  mixture  of 
cuprite  and  brown  hsBmatite. 

MELACONITE  OR  BLACK  COPPER  (CuO) 

contains  79'8  per  cent,  of  copper.  This  mineral  rarely  occurs  pure, 
but  mostly  contaminated  with  oxides  of  iron  and  manganese.  Like 
cuprite  it  is  a  decomposition  product  of  the  sulphur  compounds  of 
copper.  It  was  formerly  found  abundantly  in  Tennessee,  North 
Carolina  and  Virginia  (U.S.A.). 

MALACHITE   (CuC08-Cu[OH]2) 

contains  57*33  per  cent,  of  copper  and  is  generally  a  decomposition 
product  of  sulphur-compounds  of  copper.  It  has  been  found  in  great 
abundance  in  the  Urals,  in  Chili,  at  Burra-Biirra,  and  more  recently 
in  Arizona  and  New  Mexico. 

AZURITE  OR  CHESSYLITE   (2CuC03-Cu[OH]2). 

contains  551 6  per  cent,  of  copper  and  is  also  a  secondary  product. 
It  generally  occurs  with  malachite,  but  never  in  such  large  masses  as 
the  latter.     Its  chief  localities  have  been  Chessy  near   Lyons,  the 
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Banate,  Siberia  and  the  Urals ;  it  has  recently  been  found  with 
malachite  in  Arizona  and  New  Mexico. 

COPPER  PYRITES  OR  CHALCOPYRITE    (CuFeSj) 

contains  34*4  per  cent  of  copper.    This  is  the  ore  from  which  the 

greater  pn^portion  of  the  world's  copper  supply  is  derived.     It  often 

contains  both  silver  and  gold.     It  is  generally  associated  with  iron 

pjrrites,  often  with  zinc  blende,   galena,  arsenical    pyrites,  fahlore, 

boumonite,  and  true  silver  ores.     With  iron  pyrites  it  often  forms 

such  intimate  mixtures  that  the  two  minerals  cannot  be  distinguished 

from  each  other.    It  occurs  in  Spain  at  Rio  Tinto,  and  Tharsis  in 

Portugal ;  In  Qerinany  at  Rammelsberg  near  Goslar,  and  Mansfield ; 

in  Austro-Hungary,  at  Bischofshofen,  Brixlegg,   Schmollnitz  and 

Nagybania;  in  England,  in  Cornwall,  Devonshire  and  Wales;   in 

Ireland,  in  Wicklow ;  in  Russia,  in  the  Urals,  the  Caucasus  and  the 

Altai ;  in  France,  at  Chessy ;  in  Italy,  at  Agordo  and  Massa  Maritima ; 

in  Norway,  at  Sulitjelma,  Roros  and  Vigsnaes ;  in  Sweden,  at  Fahlun 

and    Atvidaberg :    in   North   America,  in   Newfoundland,   Canada, 

Vermont,    Virginia,  Georgia,  Tennessee,  Alabama,    Montana    and 

Mexico  ;  in  Cuba,  Chili,  Peru ;  in  Australia,  in  South  Australia,  New 

South  Wales,  Victoria,  Queensland  and  Tasmania,  and  in  Africa. 

BORNITE  OR  BRUBESCnB  (CUjFeSj) 

contains  on  the  average  55*6  per  cent,  of  copper.  This  mineral  is  far 
less  plentiful  than  the  last-named,  and  is  generally  intermixed  with 
it  and  with  chalcocite.  It  is  no  doubt  a  decomposition  product,  as  is 
sufficiently  shown  by  its  variable  contents  of  copper,  ranging  between 
42  and  70  per  cent.  It  occurs  in  quantity  at  moderate  depths  in  the 
copper  veins  of  Butte  City,  Montana.  It  also  occurs  in  the  Mansfield 
copper  schists,  in  Cornwall,  Tuscany  and  Chili. 

CHALCOCITE  OR  COPPER  GLANCE  (CUgS) 

contains  79*89  per  cent,  of  copper,  and  occurs  in  quantity  in  the 
United  States  of  North  America,  especially  in  Montana  at  Butte  in 
the  Anaconda  Mine,  Arizona,  New  Mexico  and  Texas.  It  has  also 
been  found  in  Cornwall,  Tuscany,  Russia,  Chili  and  South 
Australia.  It  does  not  occur  in  Germany  as  an  independent  copper 
ore. 

COVEIXITE  OR  INDIGO  COPPER  (CuS) 

containing  66  per  cent,  of  copper,  is  a  rare  mineral.  It  said  to  have 
been  found  in  considerable  quantities  in  Chili. 
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CHALCANTHITE   OR  COPPER  VITRIOL   (CuSO^  +  SH^O) 

contains  25*4  per  cent,  of  copper  when  crystallised.  It  is  a  not  un- 
common decomposition  product,  carried  in  solution  in  the  waters  of 
mines  that  are  working  on  deposits  consisting  of  admixtures  of 
sulphuretted  compounds  of  copper  with  iron  pyrites  or  marcasite. 

ATACAMITE   (CuClg  +  3Cu[OH]2) 

contains  59'4  per  cent,  of  copper,  and  occurs  plentifully  in  Chili  and 
Peru. 

BOURNONITE  (PbCuSbSg) 

contains  12"7  per  cent,  of  copper  and  42*3  per  cent,  of  lead  ;  it  occurs 
in  small  quantities  with  other  copper  ores. 

ENARGITE  ([4CuS  +  CUgSJAs^Sa) 

contains  48*6  per  cent,  of  copper ;  it  occurs  in  Peru  and  Manilla, 

CHRYSOCOLLA 

is  a  hydrated  silicate  of  copper,  containing  on  the  average  399  per 
cent,  of  copper.  It  occurs  as  a  decomposition  product  of  sulphuretted 
copper  ores,  generally  with  malachite.  It  occurs  plentifully  in  the 
Urals  and  in  Chili. 

FAHLORE   OR  TETRAHEDRITE 

(4[Cu2S,FeS,ZnS,Ag2S,Hg2S]Sb,S3,As2S3) 

contains  between  15  and  48  per  cent,  of  copper.  It  contains  less 
copper  the  higher  the  silver  contents  of  the  ore ;  the  proportion  of 
mercury  is  often  as  high  as  18  per  cent.  It  occurs  in  lead,  silver  and 
copper  deposits  in  Germany,  Hungary,  the  Tyrol  and  Colorado,  but 
rarely  in  sufficient  quantity  to  be  worked  independently  for  the 
extraction  of  copper. 

CUPRIFEROUS  ARTIFICIAL  PRODUCTS 

In  addition  to  the  ores  of  copper,  copper-bearing  metallurgical 
products  of  the  most  varying  kinds,  such  as  are  obtained  in  the 
extraction  of  various  metals,  are  employed  as  sources  of  copper.  The 
most  important  are :  cupriferous  matte,  regulus  or  metal,  speiss, 
slags,  alloys  (liquation  residues),  oxidised  slags,  oxides  and  various 
liquors. 


COPPER  17 

The  Extraction  of  Copper 

As  is  evident  from  the  composition  of  copper  ores  and  of  cupri- 
ferous metallurgical  products,  and  from  the  above  explained  chemical 
reactions  of  copper  compounds,  the  extraction  of  copper  can  be 
performed  by 

1.  Dry  methods. 

2.  Wet  methods. 

3.  Electro-metallurgical  methods. 

The  dry  way  should  be  employed  chiefly  for  ores  or  artificial 
products  with  high  or  moderate  copper  contents.  The  lower  limit, 
below  which  this  method  will  no  longer  prove  advantageous,  depends 
chiefly  on  the  price  of  fuel. 

The  wet  way  is,  generally  speaking,  to  be  employed,  besides  in 
the  case  of  copper  solutions,  on  all  ores  that  cannot  be  profitably 
treated  in  the  dry  way  on  account  of  their  low  copper  contents.  Up 
to  what  limit  this  method  is  preferable  to  the  dry  way  depends  on 
the  prices  of  fuel,  of  solvents,  and  of  precipitants. 

Apart  from  cupriferous  liquors,  the  wet  methods  are  only  applied 
to  metallurgical  products  under  especial  circumstances,  and  mostly 
when  gold  or  silver  is  at  the  same  time  to  be  extracted.  In  this  case, 
the  percentage  of  precious  metal  will  determine  when  wet  methods 
should  be  employed. 

Electro-metallurgical  methods  of  ore  treatment  have  up  to  the 
present  time  only  been  Employed  in  a  few  individual  instances. 
Various  very  ingenious  processes  (those  of  Siemens  and  Hopfner,  for 
instance)  have  been  devised,  but,  although  they  have  been  proved 
to  be  practically  applicable,  they  have  not  yet  been  definitely  in- 
troduced upon  a  large  scale. 

On  the  other  hand,  this  method  is  employed  in  a  number  of  works 
for  the  purpose  of  producing  pure  copper  from  impure  copper  con- 
taining gold,  silver,  or  other  elements. 

THE  REFINING   OF   COPPER 

Copper  obtained,  whether  by  the  wet  or  by  the  dry  way,  so  called 
«wr«g  copper,  black  copper  or  blister  copper,  i.e.,  crude  copper,  still  retains, 
a  series  of  foreign  bodies,  which,  as  already  detailed,  interfere  with  its 
use  in  the  arts.  It  must  therefore  be  purified  from  these  or  refined 
bv  special  processes,  which  may  be  either  dry  or  electrolytic  methods, 
and  which  follow  directly  upon  the  extraction  of  the  crude  copper. 

VOL.  I  c 
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,    Dry  Methods  of  Copper  Smelting 

1.  production  of  crude  copper 

The  most  important  ores  of  copper  are  the  sulphuretted  com- 
pounds ;  next  come  the  oxides,  carbonates  and  silicates  of  copper,  as 
well  as  native  copper  contaminated  by  various  impurities.  All  these 
ores,  when  suflSciently  rich,  are  treated  by  smelting. 

EXTRACTION  OF  COPPER  FROM   ITS  SULPHUR  COMPOUNDS 

Of  all  the  sulphuretted  ores  of  copper,  chalcopyrite  is  by  far  the 
most  important ;  in  this,  as  in  bornite,  sulphide  of  copper  is  chemically 
combined  with  sulphide  of  iron.  Chalcocite  is  but  rarely  treated 
independently,  and  is  mostly  mixed  with  iron  and  copper  pyrites  and 
with  bornite.  In  smelting  sulphuretted  copper  ores  we  have  there- 
fore, besides  getting  rid  of  the  gangue,  to  efifect  the  separation  of 
copper  from  iron  and  sulphur.  The  smelting  operations  by  which 
these  ores  are  treated  depend  mainly  on  the  facts  that  iron  has  a 
greater  affinity  for  oxygen  than  has  copper,  that  copper  possesses  a 
greater  affinity  for  sulphur  than  iron,  and  that  the  sulphur  of  cuprous 
sulphide  has  a  greater  affinity  for  the  oxygen  of  the  oxides  of  copper 
than  it  has  for  the  copper. 

By  a  sufficiently  long-continued  oxidising  roasting  it  would  be 
possible  to  eliminate  the  whole  of  the  sulphur  from  the  ores  and  to 
convert  them  into  a  mixture  of  the  oxides  of  copper  and  iron.  By 
smelting  this  mixture  with  carbon  and  silica  it  would  be  possible  to 
reduce  the  iron  to  the  ferrous  state,  and  to  cause  them  to  combine 
with  silica,  whilst  the  oxides  of  copper  would  be  reduced  to  metal. 
Such  a  simple  process  would,  however,  not  only  yield  a  very  impure 
copper,  because  a  notable  proportion  of  the  iron  would  be  reduced 
with  the  copper,  and  because  the  injurious  constituents  of  the  ores, 
especially  arsenic  and  antimony,  would  be  transferred  to  the  copper 
in  large  quantities,  but  it  would  also  cause  the  slagging  oflF  of  a  large 
amount  of  the  copper  present.  In  order  to  obtain  as  pure  a  crude 
copper  as  possible,  and  to  avoid  great  loss  of  copper  in  the  slags,  the 
first  step  is  preferably  the  production  of  a  compound  of  sulphides  of 
copper  and  of  iron,  free  from  all  siliceous  matter,  the  so-called  copper 
matte  or  coarse  metal,  in  which  the  copper  is  concentrated  relatively 
to  its  percentage  in  the  ore,  whilst  sulphur  and  iron,  as  also  arsenic 
and  antimony,  are  as  far  as  possible  removed  from  it ;  the  metal  is 
then  smelted  for  crude  copper,  either  with  or  without  a  further  con- 
centration of  the  copper.     This  compound  of  the  sulphides  of  copper 
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and  iron  is  produced  by  calcining  the  pre  to  a  given  point  and  then 
smelting  it  with  the  addition  of  siliceous  fluxes ;  if  it  is  then  rich  in 
copper  and  poor  in  iron,  and  at  the  same  time  free  from  any  large 
amount  of  lead,  as  also  from  arsenic  and  antimony,  or  if  it  contains 
the  last-named  elements  only  in  minute  proportions,  it  is  smelted 
direct  for  crude  copper  by  one  calcination,  followed  by  a  smelting 
operation,  or  by  simple  smelting.  If  not  it  is  treated  by  partial 
calcination  followed  by  fusion,  or  by  simple  fusion,  with  the 
production  of  a  sulphide  or  regulus  still  richer  in  copper,  and  corre- 
spondingly poorer  in  sulphur  and  iron,  lead,  antimony  and  arsenic, 
generally  known  as  hltte  metal,  pimple  metal,  fine  metal  or  white  metal. 
This  substance,  if  sufficiently  pure  and  sufficiently  rich  in  copper,  is 
smelted  for  crude  copper,  but  if  not  is  still  further  enriched  in 
copper  or  freed  from  iron,  sulphur,  lead,  arsenic  and  antimony,  by  a 
repetition  of  the  previous  operations.  When  the  matte  contains  silver, 
the  process  of  concentration  is  carried  to  a  high  stage  so  as  to  facili- 
tate the  extraction  of  the  precious  metal. 

Crude  copper  is  thus  obtained  from  sulphuretted  ores  by  a  series 
of  oxidation  and  reduction  processes,  that  is  to  say  by  calcining  and 
smelting  the  ores  to  matte  or  m^tal,  and  the  reduction  of  the  latter 
to  crude  copper  either  directly,  or  after  converting  it  to  a  matte 
richer  in  copper,  by  one  or  more  repetitions  of  these  processes  of 

concentration. 

Roasted  ores  are  smelted  in  blast  furnaces  or  in  reverberatory 
furnaces,  and  unroasted  ores  in  shaft  furnaces,  whilst  the  enrichment 
of  the  matte  is  performed  either  by  calcination  followed  by  fusion  in 
blast  or  reverberatory  furnaces,  or  by  blowing  the  molten  matte  in 
converters  without  previous  roasting.  The  matte  is  converted  into 
crude  copper  either  by  cajcination  followed  by  fusion  as  above,  or  by 
treatment  in  reverberatory  furnaces  or  in  converters  without  previous 

calcination. 

According  to  the  type  of  furnace  employed,  the  reactions  are 
different  in  each  case.  In  the  blast  furnace  the  reducing  agent  is 
carbon  or  carbon  monoxide,  in  the  reverberatory  furnace  and  the 
converter  it  is  sulphur.     In  all  cases  the  iron  is  removed  by  slagging 

/  with  silica. 
^  Blast  furnace  smelting,  also  known  as  the  German  or  the 
Swedish  process,  or  as  the  Roasting-and-Reduction  process,  consists 
in  roasting  the  ores  and  mattes  in  special  appliances,  followed  by 
smelting  the  roasted  material  with  carbon  (coke  or  charcoal)  and 
siliceous  fluxes  in  blast  furnaces.  By  the  operation  of  roasting, 
the  ores  are  converted  into   a  mixture  of  oxides,  sulphates  and 
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sulphides  of  iron  and  copper.  By  smelting  with  carbon  in  the  blast 
furnace  the  oxides  of  iron  are  reduced  to  the  state  of  protoxide,  are 
made  to  combine  with  the  silica  that  is  added,  and  are  thus  slagged 
off.  The  sulphates  of  iron  are  decomposed  by  heat  in  part  directly 
to  oxide  of  iron  and  sulphur  trioxide,  or  sulphur  dioxide  and  oxygen, 
and  in  part  are  reduced  to  ferrous  oxide  and  sulphur  dioxide  by 
carbon  monoxide,  the  latter  being  converted  into  carbon  dioxide. 
The  oxides  of  copper  are  in  part  reduced  by  carbon  monoxide  to 
metallic  copper,  which  abstracts  from  the  sulphide  of  iron  as  much 
sulphur  as  is  necessary  to  form  with  it  cuprous  sulphide,  and  in  part 
are  converted  by  sulphide  of  iron  in  the  presence  of  carbon  and 
silica  into  sulphide  of  copper,  which  combines  with  any  other 
sulphide  of  copper  present  and  with  the  undecomposed  sulphide  of 
iron  to  form  a  matte.  Sulphate  of  copper  is  split  up  by  carbon  at 
low  redness,  into  copper  and  sulphur  dioxide,  carbon  dioxide  being 
also  formed ;  at  higher  temperatures  sulphide  of  copper  and  carbon 
dioxide  are  produced.  The  sulphide  of  iron  that  has  parted  with  its 
sulphur  in  transforming  the  oxides  of  copper  into  sulphide  of  copper, 
is  converted  into  ferrous  silicate  and  goes  into  the  slag  ;  the  sulphide 
of  iron,  on  the  other  hand,  that  has  been  reduced  by  metallic  copper 
goes  to  form  a  subsulphide  of  iron  or  a  mixture  of  iron  and  sulphide 
of  iron,  which  passes  into  the  matte. 

If  the  matte  so  produced  is  to  be  enriched,  it  is  partly  calcined 
and  then  smelted  in  blast  furnaces  with  carbon  and  silica,  the  same 
chemical  reactions  taking  place  as  in  the  formation  of  the  first  matte. 
In  case  of  need  these  operations  can  be  repeated  with  the  second 
matte. 

The  matte  obtained  either  by  direct  treatment  of  the  ore,  or  by 
repeated  enrichment,  is  then  dead  roasted  (roasted  sweet)  and  smelted 
in  blast  furnaces  with  carbon  and  siliceous  fluxes  to  form  black  or  coarse 
copper.  By  dead  roasting,  the  sulphides  are  converted  into  a  mixture 
of  the  oxides  of  copper  and  iron ;  on  smelting  this  in  the  blast 
furnace,  the  oxides  of  iron  are  reduced  to  ferrous  oxide,  which 
combines  with  the  silica  present  and  is  slagged  off,  whilst  the  oxides 
of  copper  are  reduced  to  the  metallic  state. 

The  blast  furnace  process  of  direct  smelting  of  raw  ore  to  matte, 
known  as  the  American  process  or  as  Pyritic  smelting,  consists  in 
smelting  the  unroasted  ore  in  a  blast  furnace  with  a  low  pressure  of 
blast  and  the  addition  of  siliceous  matter,  but  of  comparatively  little 
or  no  carbonaceous  fuel,  to  form  matte.  The  latter  may  be  further 
treated  in  blast  furnaces  (as  in  the  German  process),  reverberatory 
furnaces    (as   in    the   English    process),   or  converters    (as   in   the 
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Bessemer  process).  In  this  process  the  temperature  required  to 
smelt  the  ore  is  produced  by  the  oxidation  of  part  of  its  sulphur  and 
iron  contents  ;  the  former  is  oxidised  to  sulphur  dioxide  and  escapes, 
the  latter  to  ferrous  oxide  and  is  slagged  oflf.  The  unoxidised  portion 
of  the  sulphur  remains  combined  with  iron  and  copper,  and  forms 
the  matte.  In  most  cases,  however,  the  h.eat  of  the  oxidation  of  the 
iron  and  sulphur  does  not  suffice  for  the  completion  of  the  process, 
but  must  be  assisted  by  the  addition  of  a  certain  quantity  of  car- 
bonaceous fuel  to  the  charge  or  the  use  of  hot  blast,  or  of  both 
together. 

Reverberatory  smelting,  also  called  the  English  process,  or 
the  Roasting-and-Reaction  process,  consists  in  a  partial  calcination 
of  the  ores  and  mattes,  followed  by  a  fusion  of  the  roasted  material 
in  reverberatory  furnaces  with  quartz  bottoms,  with,  in  case  of  need, 
the  addition  of  siliceous  materials  or  ores.  The  ores  and  the  mattes 
produced  by  the  ore  fusion  and  by  the  first  concentration  processes, 
are  always  roasted  in  special  appliances,  whilst  the  enriched  mattes 
are  converted  into  crude  copper,  either  by  partial  roasting  in  special 
appliances  and  fusion  of  the 'calcined  material  in  reverberatory 
furnaces,  or  else  by  fusion  in  reverberatories  without  previous  cal- 
cination. In  this  latter  case,  calcination  is  replaced  by  a  slow,  drop 
by  drop,  fusion  of  the  mattes  in  a  current  of  air. 

As  in  the  German  process,  the  products  of  the  calcination  are  a 
mixture  of  oxides,  sulphates  and  sulphides  of  iron  and  copper. 
When  this  is  smelted  in  the  reverberatory  furnace,  the  oxides  of  copper 
interact  with  the  sulphides  of  copper  and  iron,  sulphate  of  copper 
with  sulphide  of  copper,  and  oxide  of  iron  with  sulphide  of  iron. 
The  oxides  of  copper  act  on  sulphide  of  copper  producing  copper 
and  sulphur  dioxide,  and  on  sulphide  of  iron  producing  sulphide  of 
copper,  iron,  ferrous  oxide  and  sulphur  dioxide  ;  iron  oxide  reacts  in 
part  with  iron  sulphide,  forming  ferrous  oxide  and  sulphur  dioxide. 
Sulphate  of  copper,  if  not  decomposed  by  the  heat,  reacts  with 
sulphide  of  copper,  forming,  according  to  the  proportions  of  each 
present,  either  copper  or  cuprous  oxide  and  sulphur  dioxide.  Sulphate 
of  iron,  which  is  only  present  in  small  quantity,  is  decomposed  into 
oxide  of  iron  and  sulphur  trioxide,  or  sulphur  dioxide  and  oxygen. 
The  metallic  copper  formed  abstracts  from  the  sulphide  of  iron  as 
much  sulphur  as  will  form  cuprous  sulphide,  whilst  a  corresponding 
amount  of  iron  is  reduced.  This  reduced  iron  either  passes  into  the 
matte  or  reduces  ferric  to  ferrous  oxide.  The  newly  formed  sulphide 
of  copper  combines  with  that  already  present,  together  with  the 
residual  sulphide  of  iron,  to  fonn  a  matte.     The  whole  of  the  ferric 
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oxide  present  has  by  the  above  reactions  been  reduced  to  ferrous 
oxide,  and  this,  together  with  any  ferrous  oxide  originally  present, 
and  with  that  formed  by  the  interaction  of  oxide  of  copper  and 
sulphide  of  iron,  all  combine  with  the  silica  of  the  bed  or  of  the 
charge  to  form  ferrous  silicate  which  passes  into  the  slag. 

The  matte  is  coocentrated  by  being  partially  roasted  and  then 
smelted  in  reverberatory  furnaces.  The  chemical  reactions  hereby 
produced  are  the  same  as  in  the  calcination  and  smelting  of  the 
ore,  except  that  there  is  no  gangue  to  be  slagged  oflF.  In  these 
concentration  processes,  calcination  may  be  in  part  replaced  by  the 
addition  of  oxides  or  carbonates  of  copper. 

The  matte  is  converted  into  crude  copper  by  partial  roasting 
followed  by  fusion  in  a  reverberatory  furnace,  or  by  fusion  without 
preliminar}'  calcination.  The  roasting  before  fusion  must  be  only 
partial,  because  enough  sulphur  must  be  retained  in  the  charge  to 
bring  about  the  reaction  between  oxides  and  sulphides  so  as  to  reduce 
the  copper  to  metal;  this  reaction  takes  place  at  a  sufficiently  high 
temperature,  and  as  all  the  sulphur  is  thus  evolved,  the  copper 
remains  in  the  metallic  state.  Th6  proportionately  small  amount 
of  iron  that  still  remains  in  the  calcined  matte  is  slagged  oflF  as 
ferrous  oxide,  chiefly  produced  by  the  action  of  ferric  oxide  upon 
sulphide  of  iron. 

When  matte  is  smelted  for  crude  copper  without  previous  calci- 
nation, the  requisite  oxidation  of  the  sulphides  of  iron  and  copper  is 
caused  by  a  very  slow,  drop  by  drop,  fusion  of  the  matte  whilst  a 
current  of  air  traverses  the  furnaces,  and  by  letting  the  surface  of 
the  molten  mass  cool  down  repeatedly  in  the  air  current.  By  this 
means  the  sulphides  of  iron  and  copper  are  so  far  oxidised  that,  when 
the  temperature  is  raised,  metallic  copper  and  ferrous  oxide  are 
produced,  the  latter  of  which  passes  into  the  slag. 

The  CONVERTER  process,  also  known  as  the  Bessemer  process,  is 
not  applied  to  ores,  but  only  to  mattes  and  generally  for  the  produc- 
tion of  coarse  copper  from  them.  It  has,  however,  been  recently 
used  experimentally  upon  raw  ore  by  Knutsen,  at  Sulitjelma.  It 
is  a  shortened  English  process,  and  consists  in  blowing  a  highly 
subdivided  stream  of  air  under  pressure  through  molten  matte, 
which  is  contained  in  a  pear-shaped  or  cylindrical  converter  lined 
with  quartzose  material. 

Copper  and  iron  are  rapidly  oxidised  by  the  current  of  air,  with 
the  formation  of  sulphur  dioxide  ;  the  oxides  of  copper  interact  with 
the  undecomposed  sulphide,  forming  metallic  copper  and  sulphur 
dioxide ;  the  iron  is  converted  into  ferrous  oxide  and  slagged  off  by 
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the  siliceous  lining  of  the  converter.  According  to  the  duration  of 
the  blow,  either  matte  rich  in  copper  and  with  most  of  the  iron 
removed,  or  else  coarse  copper  can  be  produced.  In  the  first  case, 
which  is  rare,  the  converter  process  is  divided  into  two  separate 
operations,  the  first  the  concentration  of  the  copper  in  a  rich  matte, 
and  the  second  the  production  of  coarse  copper  from  that  matte. 
The  more  usual  plan  is  to  produce  by  the  Qerman  or  the  English 
process  a  matte  sufficiently  rich  to  be  blown  directly  to  coarse 
copper. 

The  matte  intended  to  be  blown  is  melted  in  cupolas  and  run 
into  the  converter  from  them  ;  the  heat  necessary  for  the  converter 
process  is  obtained  from  the  oxidation  of  the  iron  and  the  sulphur. 

Comparison  of  the  Various  Processes  for  producing 
Coarse  Copper  in  the  Drv  Way 

The  German  or  blast-furnace  process  necessitates  the  use  of 
carbonised  fuel — coke  or  charcoal — and  extracts  the  copper  with 
comparative  rapidity  firom  the  ores.  In  the  ore  fusion  the  slags 
produced  are  poor  in  copper  and  can  be  thrown  away  ;  on  the  other 
hand  the  products,  owing  to  the  reducing  action  of  the  carbon,  are 
less  pure  than  those  obtained  in  the  reverberatory  furnace.  The 
matte  is  poorer  than  the  matte  from  the  latter,  because  when  roasted 
ores  or  mattes  are  fused  in  the  reverberatory  furnace,  a  notable  pro- 
portion of  sulphur  is  removed  as  well  as  the  oxides  of  iron,  whilst 
in  the  blast  furnace  nearly  the  whole  of  the  sulphur  passes  into  the 
matte.  Even  the  sulphur  dioxide  evolved  by  the  decomposition  of 
the  sulphates  of  iron  and  copper  is,  on  its  way  through  the  furnace, 
reduced  in  part  by  carbon  monoxide  to  sulphur,  which  combines 
with  the  copper. 

If  the  composition  of  the  charge  is  faulty,  containing  too  much  or 
too  little  silica,  iron  is  easily  reduced  from  it,  forming  a  solid  mass  (sow, 
salamander,  or  hear)  on  the  hearth  or  bottom  of  the  blast  furnace. 

The  American  process,  or  pyritic  smelting,  does  not  admit  of  any 
definite  judgment  being  passed  upon  it  as  yet.  It  requires  far  less 
fuel  than  either  the  German  or  the  English  process,  avoids  roasting, 
carries  the  precious  metals  into  the  matte  and  removes  arsenic  more 
completely  than  either  of  the  other  processes.  Moreover  any  heavy 
spar  that  may  be  present  in  the  ore  goes  completely  into  the  slag  as 
haric  silicate  and  not  into  the  matte  as  baric  sulphide.  On  the  other 
hand  it  presents  the  objection  that  it  causes  the  evolution  of  large 
volumes  of  sulphur  dioxide. 
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The  English  or  reverberatory  process  requires  raw  fuel  (coal, 
lignite,  peat  or  wood)  and  permits  of  the  curtailment  or  partial 
avoidance  of  calcination  by  the  employment  of  oxidised  ores  or  car- 
bonates in  admixture  with  the  sulphuretted  ores ;  it  yields  cleaner 
products  than  the  blast  furnace  because  the  sole  reducing  agent  is 
sulphur  and  because  it  is  possible,  by  proper  roasting  or  by  the 
addition  of  oxidised  ores,  so  to  conduct  the  operation  that  the  most 
injurious  constituents  of  the  charge,  namely,  arsenic,  antimony  and 
tin,  may  be  removed  with  a  portion  of  the  copper  as  bottoms.  The 
matte  is  richer  in  copper  because  a  great  deal  of  the  sulphur  escapes 
as  sulphur  dioxide,  and  because  the  sulphates  of  copper  and  iron  are 
split  up  into  oxides,  whilst  the  sulphur  escapes  in  the  gaseous  form. 
On  the  other  hand  the  slags  from  the  ore  fusion  are  not  as  clean  as 
they  are  in  the  corresponding  blast  furnace  operation,  and  cannot  be 
thrown  away,  but  require  special  treatment  to  recover  the  copper 
contained  in  them. 

The  blast  furnace  process  with  previous  calcination  of  the  ore 
may  be  employed  with  advantage  where  carbonised  fuels  are  cheap, 
with  ores  of  uniform  composition,  with  low  grade  ores,  which  would 
not  admit  of  any  considerable  amount  of  copper  being  slagged  off, 
and  with  highly  ferriferous  ores,  that  would  attack  the  hearth  bottom 
of  a  reverberatory  furnace  too  strongly.  The  blast  furnace  process 
with  raw  ore  can  only  be  employed  where  fuels  are  dear,  where  the 
ore  contains  enough  iron  and  sulphur  to  evolve  the  requisite  degree 
of  heat,  where  the  manufacture  of  sulphuric  acid  appears  impracti- 
cable and  large  volumes  of  sulphur  dioxide  may  be  thrown  off  with 
impunity  in  the  neighbourhood  of  the  works,  or  finally  where  there 
are  available  siliceous  fluxes  containing  precious  metals  which  cannot 
well  be  recovered  by  means  of  wet  methods,  amalgamation  or  con- 
centration.^ This  process  is  still  new  ;  in  several  works  it  has  been 
replaced  by  other  methods  of  smelting  owing  to  the  unsatisfactory 
results  obtained  by  it. 

The  reverberatory  furnace  process  may  be  employed  where  raw 
fuels  are  cheap,  with  ores  of  constantly  varying  composition,  when 
both  oxidised  and  sulphuretted  ores  are  obtainable,  with  rich  ores 
where  loss  of  copper  in  the  slags  is  of  proportionately  less  import- 
ance, with  impure  ores  containing  arsenic  and  antimony,  with  siliceous 
and  clayey  ores  that  dp  not  attack  the  hearth  bottom  to  any  great 
extent,  and  when  it  is  important  to  produce  pure  grades  of  copper  in 
the  dry  way. 

1  Peters,  Modem  Copper  Smelting,  1896,  p.  372 ;  Herbert  Lang,  Matte  Smelting, 
1896,  p.  41  ;  Hiram  W.  Hixon,  Lead  and  Copper  Smelting,  1897,  p.  65. 
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The  English  process  has  therefore  attained  its  maximum  develop- 
ment where  coals  are  cheap  and  where  good  harbours  facilitate  the 
ready  importation  of  foreign  ores  and  mattes  of  various  kinds.  Such 
places  are  Swansea  in  Wales  and  St.  Helens  near  Liverpool ;  in  these 
localities  ores  and  mattes  of  the  most  varying  descriptions  from  all 
parts  of  the  world  are  smelted,  a  number  of  different  brands  of  copper 
being  produced,  whilst  cheap  coals  and  cheap  refractory  materials  are 
also  obtainable. 

There  are  very  few  places  where  either  the  German  or  the  English 
process  is  practised  in  its  pure  form.  Most  copper  works  have 
striven  to  unite  the  advantages  of  both  the  production  of  clean  slags 
together  with  pure  and  rich  mattes,  by  smelting  the  ores  with  the 
former  object  in  blast  furnaces,  concentrating  the  mattes  in 
reverberatory  furnaces,  and  smelting  the  rich  mattes  to  coarse  copper 
in  either  form  of  furnace. 

Besides  the  German  and  the  English  processes  we  have  therefore 
to  consider  the  combined  English  and  German  or  the  Anglo-German 
process. 

The  converter  process,  being  practically  restricted  to  mattes,  is 
combined  with  either  the  German,  the  English,  or  the  Anglo-German 
process.  It  is  a  far  more  rapid  method  than  any  of  the  others, 
requires  but  little  fuel  (for  melting  the  matte),  removes  arsenic  and 
antimony  more  completely  than  any  of  the  above  processes,  and 
produces  a  pure  coarse  copper. 

On  the  other  hand,  it  requires  a  high  consumption  of  power  to 
drive  the  blowing  engines,  a  great  consumption  of  refractory  materials 
(quartz  and  clay)  for  lining  the  converters  and  for  repairing  the 
lining,  and  evolves  large  quantities  of  sulphur  dioxide,  the  injurious 
effects  of  which  it  is  most  diflScult  to  overcome.  (No  attempts  have 
so  &r  been  made  in  this  direction.) 

The  Bessemer  process  is  therefore  indicated  where  power  is  cheap 
(water  power),  where  refractory  materials  are  cheap,  where  fuel  is 
dear,  and  where  the  mattes  are  impure,  containing  arsenic  and 
antimony.  It  is  also  of  advantage  in  the  case  of  argentiferous  ores, 
from  which  silver-bearing  coarse  copper  is  to  be  produced  and 
desilverised  electrolytically,  the  coarse  copper  of  the  converter  being 
80  pure  that  it  can  be  cast  direct  into  anode  plates. 

Although  this  process  is  still  relatively  recent  and  capable  of 
considerable  improvements,  there  is  no  doubt  that  under  suitable 
circumstances  it  is  superior  to  both  the  German  and  the  English 
methods  of  smelting  matte  for  coarse  copper,  and  is  destined  in  time 
to  make  still  further  headway. 
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The  German  Process  of  Copper  Extraction 

The  German  process  consists  of  a  series  of  roasting  and  reducing 
operations. 

In  its  purest  form  it  embraces  the  following  operations : — 

1.  Calcination  of  the  ores. 

2.  Smelting  the  calcined  ore  in  blast  furnaces  for  matte. 

3.  Roasting  the  matte. 

4.  Smelting  the  roasted  matte  in  blast  furnaces  for  coarse  copper. 
The  process  in  this  form  can  only  be  carried  out  with  ores  of 

sufficient  purity  and  sufficiently  high  copper  contents.  When  the 
ores  are  poor  in  copper,  but  rich  in  iron  pyrites,  and  rendered  impure 
by  other  elements  such  as  arsenic,  antimony,  or  lead,  an  impure  matte 
low  in  copper  is  produced  on  smelting.  If  this  matte  were  to  be 
dead  roasted  and  smelted  for  coarse  copper,  a  very  impure  copper 
would  be  produced,  which  on  refining  would  yield  impure  commercial 
copper  and  a  large  number  of  cupriferous  by-products.  In  such 
cases  the  matte  is  accordingly  only  roasted  so  far  as  to  leave  in  it 
sufficient  sulphur  to  form  a  second  matte  distinguished  from  the  first 
by  its  greater  purity  and  higher  percentage  of  copper.  This  second 
matte,  known  as  fine  metal,  &c.,  is  generally  roasted  sweet  and 
smelted  for  coarse  copper.  If  it  is  still  too  impure,  this  matte  is 
again  partly  roasted  and  smelted,  the  concentrated  matte  so  produced 
being  then  roasted  dead  and  smelted  for  coarse  copper.  It  is  only  in 
exceptional  cases,  for  example  in  the  presence  of  large  quantities  of 
lead,  that  it  is  submitted  to  further  concentration  before  smelting 
for  coarse  copper,  as  this  concentration  entails  great  expense,  serious 
loss  of  metal  and  waste  of  time. 

The  opposite  case,  in  which  dead  roasting  of  the  ore  followed  by 
direct  smelting  for  coarse  copper  is  possible,  is  even  more  exceptional 
than  the  prolongation  of  concentrating  operations.  In  such  instances 
as  have  been  observed  by  the  author  at  small  copper  works  in 
Transcaucasia,  a  very  impure  coarse  copper  is  produced  whilst  much 
copper  is  lost  in  the  slags. 

In  many  cases  where  sulphuretted  ores  are  intermixed  with  large 
quantities  of  earthy  gangue,  as  also  in  the  case  of  ores  rich  in  copper 
but  poor  in  sulphur,  the  calcination  of  the  ore  is  omitted,  or  is 
employed  only  for  the  sake  of  removing  bituminous  matter ;  the  raw 
ore,  or  the  ore  freed  from  its  bituminous  constituents,  is  then  smelted 
for  matte,  so  as  to  slag  off  the  earthy  gangue. 
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CALCINATION  OF  THE  ORES 


The  ores  that  require  roasting^  are  copper  pyrites,  bomite, 
chal(x>cite  and  fahlore;  these  are  generally  intermixed  with  iron 
pyrites,  zinc  blende,  galena,  and  arsenical  and  antimonial  compounds, 
together  with  quartz  and  earthy  matter. 

By  calcination  so  much  sulphur  is  intended  to  be  removed  as  to 
leave  just  enough  to  combine  with  all  the  copper  present  in  the 
succeeding  smelting.  This  degree  of  roasting  cannot  be  attained 
with  exactitude  in  certain  forms  of  the  process  (calcining  in  heaps, 
and  in  stalls,  calcining  lump  ores  in  shaft  furnaces),  the  roasting 
being  as  a  rule  carried  either  too  far  or  not  far  enough.  On  smelting 
over-roasted  ores,  copper  passes  into  the  slags  and  some  impure 
coarse  copper  is  reduced ;  if  not  roasted  sufficiently,  the  matte 
pnxluced  on  smelting  contains  too  little  copper  and  too  much  iron. 
As  over-roasting  can  be  corrected  by  the  addition  of  raw  ores  to  the 
smelting  charge,  whilst  insufficient  roasting  cannot  be  corrected 
(imless  oxidised  ores  are  available),  it  is  better  to  roast  too  much 
than  not  enough. 

In  addition  to  sulphur,  arsenic  and  antimony  ought  to  be  as  far 
as  possible  got  rid  of  by  calcination.  These  bodies  are  in  part 
volatilised  as  arsenious  and  antimonious  oxides,  also  as  sulphide  of 
arsenic,  and  in  part  they  form  arseniates  and  antimoniates  which,  in 
the  reducing  smelting  that  follows  the  roasting,  are  reduced  to 
arsenides  and  antimonides  and  as  such  pass  into  the  matte  if  in 
small  quantity,  or  separate  out  as  speiss  if  in  large  proportion. 
Arsenic  and  antimony  can  only  be  completely  removed  by  repeated 
roasting  and  smelting ;  their  removal  is  facilitated  by  an  admixture 
of  reducing  agents,  such  as  coal  or  sawdust,  during  calcination.  The 
arseniates  and  antimoniates  are  thereby  reduced  and  a  portion  is 
volatilised  as  metal  or  as  oxide  (arsenic  in  part  as  suboxide).  The 
removal  of  arsenic  is  assisted  by  the  addition  of  pyrites  during 
calcination,  which  volatilises  a  portion  as  sulphide  of  arsenic.  During 
the  operation  of  smelting,  a  portion  of  the  antimony  and  arsenic  is 
volatilised  in  the  metallic  state. 

When  pure  copper  pyrites  is  calcined,  the  sulphur  escapes  in  part 
as  sulphur  dioxide  and  in  part  is  converted  into  sulphur  trioxide. 
The  copper  and  iron,  deprived  of  their  sulphur,  are  converted  into 
oxides.  Sulphur  dioxide  is  converted  into  trioxide  by  contact  with 
a  glowing  mass  of  ore  or  with  the  furnace  walls,  and  this  sulphur 

*  The  terms  roasting  and  calcination  are  here  employed  quite  indifferently,  as 
being  synonymous. 
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trioxide  forms  sulphates  with  the  oxides  present,  these  latter  being 
decomposable  at  higher  temperatures,  till  ultimately  a  mixture  of  the 
oxides  of  iron  and  copper  is  prodticed.  If  the  roasting  is  stopped 
before  all  the  sulphur  is  removed,  as  in  roasting  for  matte  smelting^ 
the  product  consists  of  a  mixture  of  oxides  and  sulphates  of  copper 
and  iron  together  with  undecomposed  sulphides.  If  the  chalcopyrite 
is  mixed,  as  is  usually  the  case,  with  iron  pyrites,  the  products  of 
calcination  consist  more  largely  of  oxide  of  iron,  sulphide  of  iron  and 
basic  salts  of  iron.  If  zinc  blende  occurs  with  the  chalcopyrite  the 
products  will  contain  sulphide,  oxide  and  sulphate  of  zinc.  If  arsenic 
and  antimony  are  present  in  the  ores,  the  products  will  contain 
arseniates  and  antimoniates  together  with  undecomposed  arsenides 
and  antimonides ;  if  galena  is  present,  sulphide,  oxide  and  sulphate 
of  lead  will  also  be  produced.  Quartz  and  barytes  are  unaflFected ; 
carbonate  of  lime  is  converted  into  sulphate. 

The  Operation  of  Roasting 

Calcination  of  copper  ores  is  eflfected  in  heaps,  in  stalls,  in  shaft 
furnaces,  reverberatory  and  muffle  furnaces. 

Lump  ore  may  be  roasted  in  heaps,  stalls,  and  shaft  furnaces. 
Crushed  ores  {fines)  can  only  be  roasted  in  heaps,  stalls,  and  shaft 
furnaces  for  lump  ore  after  they  have  been  agglomerated;  otherwise 
they  are  calcined  in  shaft  furnaces  for  fine  ore,  reverberatory  and 
muffle  furnaces.  The  choice  of  a  method  depends  upon  the  amount 
of  sulphur  present  in  the  ore,  the  damage  likely  to  be  caused  by  the 
escape  of  the  gaseous  products  of  calcination,  the  market  for  these 
by-products  (especially  sulphuric  acid),  the  price  of  fuels  and  the 
cost  of  labour. 

Heap  roasting  of  lump  oi*es  requires  a  great  deal  of  time,  with 
many  classes  of  ore  is  imperfect  in  its  results,  admits  of  no  con- 
densation or  utilisation  of  the  waste  gases,  and,  in  the  absence  of 
adequate  shelter,  entails  loss  of  copper  by  the  leaching  out  of  sulphate 
in  solution ;  on  the  other  hand,  it  necessitates  but  small  prime  costs, 
does  not  need  much  labour,  and,  in  the  case  of  ores  rich  in  sulphur, 
but  little  fuel.  With  highly  pyritic  ores,  which  do  not  decrepitate 
when  heated,  it  admits  of  the  removal  of  sufficient  sulphur,  of  the 
collection  of  a  small  part  thereof,  and  of  the  formation  of  kernels  rich 
in  copper. 

Heap  roasting  of  fines  necessitates  the  previous  agglutination  of 
these  and  therefore  a  heavy  outlay  for  labour ;  in  other  respects  it 
has  all  the  disadvantages  of  the  heap  roasting  of  lumps.  Pulverulent 
tines    can    only   be    calcined    in    definite    proportions    with    lump 
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ore  by   being   used   for  the   floors   and    covers    of    the   heaps   of 
coarse  ore.  * 

Roasting  in  heaps  can  accordingly  only  be  applied  where  there  is 
no  demand  for  sulphuric  acid,  and  where  the  land  has  so  little  value 
that  damage  done  to  it  by  the  gases  evolved  is  of  no  consequence, 
whilst  wages  and  the  cost  of  fuel  are  high.  It  is  employed,  for 
instance,  in  the  Caucasus,  at  Roros  in  Norway,  and  in  North  America. 
It  is  used  as  an  auxiliary,  in  the  second  roasting  of  lump  ores  that 
have  undergone  preliminary  calcination  in  shaft  furnaces,  but  that 
cannot  be  roasted  completely  in  them  on  account  of  a  deficiency  of 
sulphur. 

Boasting  in  stalls  requires  considerable  time,  though  less  than 
heap  roasting,  needs  larger  capital  outlay  and  entails  higher  cost  of 
labour,  and  is  moreover  injurious  to  the  health  of  the  men  engaged 
in  emptying  the  stalls.  It  admits  of  the  sulphurous  gases  being  con- 
ducted away  in  high  stacks  and  thus  being  in  part  rendered 
innocuous,  but  not  of  their  being  employed  in  the  manufacture  of 
sulphuric  acid.  If  the  draught  is  properly  regulated,  it  allows  of  a 
better  and  more  uniform  roasting  and  better  control  over  the  temper- 
ature than  in  heap  roasting.  Like  the  latter,  stall  roasting  admits 
of  being  carried  on  with  but  little  fuel  in  the  case  of  pyritic  ores,  of 
the  recovery  of  a  small  amount  of  sulphur  and  of  the  formation  of 
kernels  rich  in  copper.  Fines  can  be  roasted  in  stalls  under  the 
same  conditions  as  in  heaps. 

Stall  roasting  is  accordingly  preferable  to  heap  roasting.  It  is 
used  in  places  where  fuel  is  dear,  where  there  is  no  market  for 
sulphuric  acid,  so  that  there  would  be  no  object  in  its  manufacture, 
but  where  the  injurious  eflFects  of  the  sulphurous  gases  on  vegetation 
are  to  be  limited  as  far  as  possible  by  drawing  them  off  into  high 
stacks ;  or  again  where  fuel  is  dear  and  the  ores  low  in  sulphur ;  or 
where  kernel  roasting  is  found  necessary ;  and  finally  where  lumps, 
partly  roasted  in  shaft  furnaces,  require  a  further  calcination  to  a 
degree  not  attainable  in  such  furnaces. 

Shaft  furruices  are  used  for  ores  rich  in  sulphur,  both  coarse  and 
fine,  when  the  gases  evolved  are  to  be  converted  into  sulphuric  acid. 
A  necessary  condition  for  this  form  of  roasting  is  that  the  ores  shall 
contain  enough  sulphur  to  furnish  by  its  oxidation  the  heat  requisite 
for  the  continuance  of  the  operation;  moreover  the  ore  must  not 
readily  fuse  nor  sinter,  nor  may  lump  ore  decrepitate  at  the  temperature 
of  calcination. 

The  advantages  of  shaft-furnace  roasting  are  the  condensation  and 
utilisation  of  the  gases  evolved,  and  the  complete  saving  of  all  fuel. 
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the  disadvantages  are  the  comparatively  small  output  of  such  furnaces 
and  the  high  cost  for  labour. 

Under  certain  circumstances,  especially  where  fuel  is  very  dear, 
wages  low,  and  the  ores  pulverulent,  these  furnaces  can  be  employed 
to  advantage  even  when  no  condensation  or  utilisation  of  the 
sulphurous  gases  is  to  be  attempted.  Of  course  in  these  cases,  the 
land  in  the  neighbourhood  of  the  smelting  works  must  possess  but  a 
low  value.  Such  a  case  occurs  in  the  Caucasus,  where  pyritic  copper 
ore'  concentrates  are  roasted  in  Gerstenhofer  furnaces. 

Calcination  in  reverhe^^aiory  furnaces  excludes  the  possibility  of 
utilising  the  gases  evolved  for  the  manufacture  of  sulphuric  acid, 
requires  the  ores  to  be  first  pulverised,  and  occasions  considerable 
expense  in  fuel  and  in  labour ;  on  the  other  hand,  it  is  rapid,  can  be 
adjusted  with  precision  to  the  desired  degree  of  desulphurisation,  and 
is  the  best  method  for  removing  arsenic  and  antimony  from  the  ore. 
It  is  applicable  to  all  classes  of  ore,  and  has  been  considerably 
cheapened  of  recent  years  by  the  employment  of  automatic  calcining 
plant. 

It  should  be  employed  when  the  sulphurous  vapours  are  not 
required  to  be  utilised,  but  must  be  rendered  as  little  injurious  as 
possible  by  being  conducted  into  high  stacks ;  when  large  amounts 
of  copper  are  to  be  produced  rapidly ;  for  ores  that  are  not  suitable  to 
the  shaft  furnace  on  account  of  their  ready  fusibility,  their  tendency 
to  decrepitate,  or  their  too  low  sulphur  contents :  and  finally  when 
ores  have  to  be  exactly  desulphurised  to  a  definite  point. 

Muffle  furnaces  involve  high  costs  for  fuel  and  for  wages,  but 
admit  of  the  gases  evolved  being  utilised,  and  of  exactitude  in  the 
calcination.  Like  reverberatory  furnaces,  they  are  only  suited  to 
fine  ores.  They  are  employed  when  it  is  proposed  to  manufacture 
sulphuric  acid  from  ores  prone  to  sinter  or  to  decrepitate,  and  which 
cannot  therefore  be  treated  in  shaft  furnaces. 

HEAP   ROASTING 

Two  classes  may  be  distinguished,  normal  heap  roasting  and 
heap  roasting  with  the  production  of  kernels,  or  kernel  roasting. 
The  object  of  the  former  is  the  formation  of  oxides  and  the  retention 
of  a  certain  proportion  of  sulphides ;  that  of  the  latter  is  the  con- 
centration of  the  copper  of  the  ore  in  a  kernel  of  sulphides  that  forms 
in  the  centre  of  each  lump,  whilst  the  iron  in  the  form  of  oxide 
passes  into  the  shell  that  surrounds  the  kernel. 

Normal  roasting  may  be  applied  to  any  class  of  ore,  kernel 
roasting  only  to  such  as  consist  of  a  mixture  of  iron  and  copper 
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pyrites,  are  poor  in  copper,  and  are  free  from  any  admixture  of 
gangue. 

Whilst  heap  roasting  is  generally  of  the  normal  t3Tpe,  kernel 
roasting  is  only  employed  exceptionally,  because  of  the  heavy  losses 
of  copper  which  it  entails,  and  indeed  only  when  wet  and  dry 
processes  are  to  be  used  in  combination,  the  kernels  being  treated  by 
smelting,  whilst  the  shells,  after  removal  of  the  kernels,  are  treated 
by  wet  methods. 

NORMAL  HEAP  ROASTING 

The  heaps  are  built  up  on  a  bed  of  fuel  in  such  a  manner  that 
the  coarser  lumps  are  in  the  centre  of  the  pile,  whilst  the  smaller  ore, 
in  continually  diminishing  sizes,  forms  the  exterior.  The  heap  is 
covered  with  a  layer  of  fines  or  concentrates,  and  a  similar  layer  is 
often  spread  on  the  floor  of  the  roasting  yard  below  the  fuel,  so  that 
it  may  gradually  be  calcined. 

The  floor  is  made  of  granulated  or  crushed  slags,  of  fines,  roasted 
fines,  or  of  clay.  Generally  a  bed  of  clay  is  laid  upon  the  slag,  and  a 
bed  of  calcined  fines  upon  this.  It  is  advisable  to  cut  drains  above  the 
heaps,  so  as  to  prevent  water  having  access  to  them,  and  thus  leaching 
out  copper  sulphate.  In  dry  climates  the  roasting  yard  is  open  to 
the  air ;  in  wet  districts  it  is  preferable  to  conduct  the  calcination,  at 
any  rate  of  the  first  and  second  mattes,  under  shelter,  in  a  so-called 
roas ting-shed.  With  ores  containing  more  than  12  per  cent,  of 
sulphur,  this  suflices  to  maintain  a  roasting  temperature,  and  the  bed 
alone  need  consist  of  fuel ;  with  ores  containing  under  12  per  cent. 
of  sulphur,  there  should  be  one  or  more  layers  of  fuel  in  the  body  of 
the  heap.  This  precaution  is  also  necessary  in  the  presence  of 
larger  quantities  of  arsenic,  antimony,  and  zinc.  The  salts  formed  by 
the  calcination  of  these  metals  are  best  got  rid  of  by  a  layer  of  charcoal 
in  the  pile. 

The  bed  is  best  built  of  cord  wood ;  in  its  absence,  brushwood, 
heather,  or  coal  can  be  employed.  Draught  channels  must  be  left 
in  the  bed,  which  in  case  of  need  are  made  to  communicate  with 
small  flues  constructed  in  the  heaps. 

The  size  of  the  heaps  depends  on  the  sulphur  contents  of  the 
ores,  and  on  the  time  that  the  heap  can  be  allowed  to  bum  so  as  to 
maintain  an  uninterrupted  supply  of  calcined  ore  for  the  smelting 
fiimace.  The  higher  the  heap,  the  better  and  the  more  vigorously 
does  it  burn,  but  the  longer  is  the  time  required  for  calcination,  this 
depending  far  more  on  the  height  of  the  pile  than  on  its  area. 
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Higher  heaps  are  accordingly  built  for  ores  poor  in  sulphur  than 
for  the  more  sulphuretted  ones.  If  there  is  not  much  time  available, 
and  the  ores  are  rich  in  copper,  the  heaps  will  be  lower  than  when 
the  reverse  is  the  case.  In  general  the  height  of  heaps  varies 
between  5  feet  9  inches  and  8  feet  3  inches ;  above  the  latter  figure, 
the  construction  of  the  piles  becomes  too  difiicult.  Ores  low  in 
sulphur  should  therefore  be  made  into  heaps  7  feet  6  inches  to  7  feet 
9  inches  high,  whilst  with  ores  containing  over  35  per  cent,  of  sulphur, 
the  heaps  may  be  kept  lower.  A  heap  6  feet  6  inches  high  requires 
about  70  days  for  its  calcination ;  if  the  height  be  diminished,  the 
period  can  be  correspondingly  shortened. 

According  to  experiments  of  Peters,^  the  relation  between  the 
time  required  and  the  height  of  the  heaps  for  a  first  roasting,  with 
ores  containing  varying  amounts  of  copper  and  sulphur,  is  given  in 
the  following  table : — 


Height 

in 

feet. 


5 


5 

5i 

54 

5h 
6 
6 
6 

7 
7 

74 


Nature  of  ore. 


Pyrites 

Chalcopyrite,  with  little    pyrites  and 

quartz 

Bornite  and  pyrites 

Same  as  No.  1 

>»  »i    2 

>i  »»    3 

>i  i>    ^  

o 
»f  >»    ^ 

f»  i»    •' •    • 

,,  „    1 ,  much  matted 

»f  »>    3  

Copper  glance  and  pyrites  in  quartz  .    . 


Per  cent. 
Sulphur. 

Per  cent. 
Copper. 

Days 
burn- 
ing. 

39 

64 

54 

18 

14-3 

41 

31 

21-4 

53 

39 
18 

64 
14-3 

66 

50 

31 

21-4 

65 

39 
18 

64 
14-3 

72 
61 

31 

21-4 

74 

39 
31 

64 
21-4 

94 

86 

20 

23-4 

54 

No.  of 
sample. 


No.    1 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


I 

The  heaps  are  built  in  the  shape  of  a  truncated  square  pyramid. 
The  experience  of  many  years  in  the  United  States  has  shown  that, 
if  sufficient  ore  is  available,  they  should  not  be  under  43  feet  long  by 
25  feet  6  inches  in  width.  A  heap  of  these  dimensions  and  6  feet 
6  inches  high  will  contain  about  218  tons^  of  p)rritic  ores,  and  will 
burn  continuously  for  seventy  days.  Smaller  heaps  require  com- 
paratively more  labour  and  fuel,  whilst  large  heaps  85  feet  x  42  feet 
6  inches  in  area  and  8  feet  3  inches  in  height,  containing  300  to  400 
tons,  give  correspondingly  better  results  in  practice.  At  Roros  in 
Norway  the  best  results  are  obtained  with  heaps  of  400  to  500  tons. 

The  construction  of  the  heaps  is  commenced  by  laying  a  bed  of 
fuel ;  according  to  the  richness  of  the  ore  in  sulphur  and  the  quality 

^  Moihrn  Copj)er  Smelt  in  fj^  seventh  edition,  1895,  p.  114. 

'  The  ton  here  referred  to  is  the  metric  ton,  ecjual  to  0*984  statute  ton. 
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of  the  wood,  the  height  of  the  bed  may  vary  between  8  and  15  inches. 
Draught  channels,  6  to  7  inches  wide,  must  be  left,  at  about  8  to 
10  feet  apart,  and  filled  with  easily  inflammable  material;  then 
chimneys  made  of  boards,  sticks  or  old  iron  are  built  up,  the  number 
of  which  will  depend  on  the  dimensions  of  the  heap.  Thus  a  heap 
43  feet  by  25  feet  6  inches,  holding  218  tons,  should  have  three 
chimneys  along  the  central  line,  about  9  inches  square  in  plan.  The 
sides  of  the  heaps  should  have  such  an  inclination  that  the  ore  will 
lie  without  rolling  down.  In  order  to  maintain  a  good  draught  and 
to  secure  a  good  roast,  the  wooden  bed  should  project  some  14  inches 
beyond  the  outside  edge  of  the  ore.  In  the  United  States  the  con- 
sumption of  fuel  is  12  cords  (1  cord  =  128  cubic  feet)  to  218  tons  of 
ore.  The  best  and  cheapest  way  of  dumping  the  ores  upon  the  bed, 
is  by  means  of  waggons  running  on  rails  at  a  given  height  above  the 
level  of  the  3'ard,  the  rails  being  carried  on  trestles  down  the  central 
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Figs.  1  and  2. 


line  of  the  heap.  Portable  turntables  are  placed  on  the  track,  which 
can  be  connected  to  lengths  of  movable  track  resting  upon  portable 
trestles.  By  means  of  this  arrangement,  which  has  given  great 
satisfaction  in  the  United  States,  the  ore  can  be  dumped  at  any 
point  of  the  pile.  The  general  disposition  is  shown  in  Figs.  1  and 
2.  The  roasted  ores  are  loaded  on  to  waggons  running  on  rails  at 
the  level  of  the  charging  doors  of  the  blast  furnaces. 

The  coarsest  ore  is  first  dumped  on  the  bed,  then  the  smaller 
sizes  (raggings),  and  finally  the  fines.  In  the  above  figures,  c  is  the 
coarse  ore,  b  the  raggings,  and  a  the  covering  of  fines.  The  latter  is 
of  special  importance  in  obtaining  satisfactory  results ;  the  best 
thickness  can  only  be  learnt  by  experience.    Peters  (Joe,  cU,)  considers 
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10  per  cent,  of  the  total  weight  of  the  ore  to  be  stifiGcient.  It  is 
best  only  to  lay  the  covering  of  fines  after  the  pile  has  been  lit,  so 
as  not  to  interfere  with  the  uniform  distribution  of  the  fire  through 
the  heap. 

With  ores  containing  large  quantities  of  pyrites,  a  small  propor- 
tion of  its  sulphur  contents  can  be  collected.  In  this  case,  after  the 
heap  has  been  lit  for  a  week,  hemispherical  cavities  are  hollowed  out 
in  the  cover,  about  12  inches  in  diameter  and  6  to  8  inches  deep, 
lined  with  raw  or  calcined  fines.     In  these  a  portion  of  the  sulphur 


condenses,  that  has  been  distilled  out  from  the  pyrites  by  the  hot 
air  that  has  been  deprived  of  its  oxygen  in  the  lower  part  of  the 
heap,  or  by  the  hot  sulphur  dioxide.  As  the  greater  part  of  the 
sulphur  present  is  oxidised,  the  amount  collected  in  these  cavities 
is  but  small,  and  forms  only  a  fraction  of  a  per  cent,  of  the  sulphur 
contents  of  the  ore.  Moreover,  the  sulphur  so  obtained  is  very 
impure,  and  has  to  be  refined  before  it  can  be  used,  so  that  no  profit 
to  speak  of  is  attainable  by  this  method  of  collecting  sulphur. 

The  arrangement   of  a   heap   for  sulphur   getting  is  shown  in 
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Figs.  3  and  4 ;  r  is  the  bed  of  fuel,  D  the  cover,  v  the  cavities  for 
collecting  the  sulphur. 

If  the  temperature  of  the  heap  is  too  high,  either  on  account  of 
too  big  a  bed,  or  of  too  strong  or  too  weak  a  draught,  a  part  of  the 
sulphide  of  copper  melts  together  with  a  part  of  the  sulphide  of  iron, 
and  collects  as  a  dense  layer  on  the  floor  of  the  heap  (called  heap- 
matte  in  America).  This  heap-matte  is  richer  in  copper  than  the 
rest  of  the  heap,  and  must  be  roasted  further  by  itself.  When  still 
richer  in  copper,  it  can  be  looked  upon  and  treated  as  furnace 
matte. 

When  the  roasting  is  skilfully  conducted,  it  is  possible  to  obtain 
90  per  cent,  of  the  ore  ready  for  the  smelter,  whilst  10  per  cent,  has 
to  be  roasted  again  ;  the  greater  part  of  this  latter  amount  usually 
consists  of  fines. 

Well  roasted  ore  should  have  an  earthy  fracture  and  a  brownish- 
black  colour ;  this  colour  indicates  a  large  proportion  of  ferrous 
oxide,  whilst  a  red  colour  indicates  that  very  much  ferric  oxide  is 
present.  Sintered  porous  masses  consist  of  silicates  from  which  the 
sulphides  have  been  liquated  out,  these  latter  appearing  as  dense 
fused  masses  with  metallic  lustre  on  fracture. 

The  degree  of  desulphurisation  of  ores  roasted  in  heaps  is  not 
easy  to  determine,  because  it  is  both  difficult  and  expensive  to  get 
accurate  average  samples.  According  to  Peters^  a  300  ton  heap  of 
pyritiferous  chalcopyrite  from  Ely  Mine,  Vermont,  showed  the  follow- 
ing composition  before  and  after  calcination  : — 

Before  After 

calcination.  calcination. 

Sulphur  ....  326  per  cent 7*4  per  cent. 

Copper     ....     82         „  .     .     .     .     9'1 

Insoluble  residue  .  270         „  ....  31 1 

Of  the  copper  present,  there  was  in  the  form  of 

Sulphate 1*3  per  cent. 

Oxide 21 

Sulphide 5  7 

Imperfectly  roasted  pieces  are  picked  out  and  calcined  a  second 
time,  the  second  calcination  being  generally  performed  under  cover ; 
this  second  calcination  is,  generally  speaking,  suflScient.  With  ores 
that  are  difficult  to  roast,  a  third  fire  may  be  required  for  such  lumps 
as  were  not  properly  calcined  in  the  second ;  the  second  and  third 
calcinations  last  only  a  few  weeks  as  a  rule. 

^  Op,  cit.  p.  133. 
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The  consumption  of  fuel  varies  within  wide  limits,  depending 
upon  the  percentage  of  sulphur  in  the  ore,  the  size  of  the  heaps  and 
the  number  of  calcinations  required.  In  the  United  States,  with 
pyritiferous  ores,  burnt  in  heaps  of  218  tons,  5  cords  of  wood  are 
consumed  for  every  100  tons.  In  the  Upper  Harz,  copper  pyrites 
with  an  average  of  18  per  cent,  of  metal  was  roasted  in  heaps  of 
108  to  117  tons  at  one  operation,  lasting  8  to  13  weeks,  with  a  con- 
sumption of  18  to  24  tons  of  wood.  At  Femezely  near  Nagybanya 
in  Hungary,  whilst  the  author  was  there,  pyrites  were  calcined  in 
heaps  of  120  to  240  tons,  consisting  of  three  layers  of  a  mixture  of 
coarse  ore  and  fines.  For  each  10  tons  of  ore,  406  cubic  feet  of  wood 
and  137  bushels  of  charcoal  were  used ;  at  present  heap  roasting  has 
been  replaced  at  this  locality  by  shaft-furnace  roasting.  At  Roros  in 
Norway,  pjrritic  ores  with  5  per  cent,  of  copper  and  35  per  cent,  of 
sulphur  are  roasted  in  heaps  5  feet  9  inches  high,  23  feet  wide  and 
49  to  98  feet  long,  containing  not  less  than  250  tons  ;  500  tons  are 
found  to  give  the  best  results.  A  roasting  lasts  5  to  6  weeks  and 
reduces  the  sulphur  contents  to  5*6  per  cent. 

A  peculiar  method  of  roasting  is  that  introduced  in  1888,  at  the 
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works  of  the  Canadian  Copper  Company  at  Sudbury  in  Ontario,  by 
Peters  and  MacArthur,  and  known  as  the  V-method  (Peters,  loc  cU.). 
It  consists  in  uniting  two  heaps  that  are  burning,  by  the  introduction 
of  a  third  heap  between  them.  After  two  adjacent  heaps  have  been 
burning  for  a  fortnight,  a  third  heap  is  built  between  them  ;  a  bed 
of  wood  is  laid  between  the  longer  sides  of  these  two  first  heaps,  and 
the  ore  is  dumped  upon  it  as  quickly  as  possible.  The  arrangement 
is  shown  in  Fig.  5,  where  A  and  B  are  the  two  original  adjacent 
heaps,  and  C  the  heap  erected  between  them. 

After  the  latter  has  been  lit,  the  neighbouring  side  walls  of  the 
older  heaps  also  take  fire  and  calcine  thoroughly.  The  percentage  of 
imperfectly  roasted  ore  is  therefore  much  less  than  in  the  case  of  the 
ordinary  method,  whilst  the  capacity  of  the  roast-yard  is  corre- 
spondingly increased.  This  system  is  said  to  have  given  great 
satisfaction. 

KERNEL  ROASTING 

This  method  is  only  applicable  to  mixtures  of  pyrites  and  chalco- 
pyrite  that  are  free  from  gangue  and  do  not  decrepitate.     It  is  per- 
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formed  by  greatly  prolonging  the  operation  of  calcination  by  means 
of  checking  the  draught.  In  thia  process,  the  sulphide  of  iron  is 
directly  oxidised  in  consequence  of  the  great  affinity  of  iron  for 
oxygen,  whilst  the  sulphide  of  cupper  remains  undecompoeed  on 
account  of  the  great  affinity  between  copper  and  sulphur.  The  heat 
developed  by  the  oxidation  of  the  sulphide  of  iron  suffices  to  melt 
the  sulphide  of  copper;  the  latter  penetrates  through  the  porous 
crust  of  oxide  of  iron  produced  by  the  oxidation  of  the  sulphide  of 
iron,  into  the  interior  of  the  lumps  and  there  unites  with  the  still 
undecomposed  sulphides.  Underneath  the  porous  crusb  of  oxide  of 
iron  there  is  thus  formed  first  of  all  a  thin  dense  layer  of  the  colour 
of  chalcopyrite,  surrounding  the  still  undecomposed  ore.  This  layer 
advances  into  the  lump  as  the  crust  gets  thicker,  and  shows  where 
in  contact  with  the  crust,  firat  a  violet  colour,  becoming  blue,  then 
giay,  and  finally  bronze  coloured.  These  various  rings  gradually 
advance  into  the  interior  of  the  lump,  which  finally  also  becomes 
bronze  coloured.  The  bronze -coloured  kernels  consist  of  sulphide  of 
copper  with  but  little  sulphide  of  iron.  As  soon  aa  all  the  latter  has, 
however,  been  completely  oxidised,  the  former  may  also  be  attacked 
if  the  calcination  is  carried  too  far.  Cuprous  oxide  is  thus  formed, 
and  this  reacts  with  a  portion  of  the  sulphide,  forming  metallic 
copper  and  sulphurous  anhydride.  The  advance  of  the  sulphides  at 
various  stages  of  the  roasting  is  shown  in  Figs.  6  to  8. 


In  Fig.  6,  the  lump  of  ore  has  been  exposed  to  calcination  for  a 
short  time  only ;  a  is  the  porous  crust  of  oxide  of  iron,  r  is  the  ring  of 
fused  sulphides,  and  S  is  the  kernel  consisting  of  undecomposed  sul- 
phides. In  Fig.  7,  the  roasting  has  been  continued  for  some  weeks, 
the  letters  bearing  the  same  meaning  as  in  Fig.  6 ;  the  kernel  of 
undecomposed  sulphides  has  grown  smaller,  whilst  the  ring  of  fused 
sulphides  has  increased  in  breadth.  Fig.  8  shows  a  piece  of  ore  when 
the  roasting  is  completed ;  the  kernel  of  undecomposed  sulphides  has 
disappeared  and  is  replaced  by  a  small  kernel  (Ic)  of  fused  sulphides  of 
the  colour  of  chalcocite,  suiTOunded  by  a  porous  reddish-brown  crust 
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(c)  of  oxide  of  iron.  If  the  roasting  were  now  carried  stiir  further,  a 
kernel  very  rich  in  copper  would  be  segregated,  and  finally  metallic 
copper  would  be  reduced  from  it. 

The  oxidation  of  the  sulphide  of  iron  in  the  interior  of  the  lumps 
of  ore  is  brought  about  chiefly  by  sulphur  trioxide  in  a  state  of  vapour 
produced  during  the  roasting,  the  interior  of  the  lumps  being  filled 
with  vapours  of  this  gas  and  of  sulphur. 

If  the  roasting  is  properly  conducted,  the  products  will  be  kernels 
containing  from  7  to  60  per  cent,  of  copper  according  to  the  richness 
of  the  ore,  and  crusts  carrying  only  a  few  per  cents,  of  copper  as 
sulphate  and  oxide.  The  kernels  must  be  separated  from  the  crusts 
by  hand,  and  it  is  impossible  to  prevent  some  portions  of  the 
sulphides  from  adhering  to  the  crusts. 

The  kernels  are  treated  in  the  dry  way ;  if  their  copper  contents 
are  low,  they  are  smelted  for  matte  with  or  without  previous  calcina- 
tion ;  if  high  they  are  roasted  dead  and  smelted  for  coarse  copper. 
The  crusts  are  treated  in  the  wet  way,  the  sulphate  of  copper 
being  leached  out,  and  the  copper  in  solution  precipitated  by  means 
of  iron. 

Kernel  roasting  has  been  employed  at  Agordo  in  the  Venetian 
Alps,  Wicklow  in  Ireland,  Foldal  in  Norway,  and  Kedabeg  in  the 
Caucasus.  It  has  been  abandoned  in  most  places  on  account  of  its 
slowness,  of  the  serious  loss  of  copper  due  to  the  retention  of  oxide  and 
more  particularly  of  sulphide  of  copper  in  the  crusts,  and  of  the  high 
cost  of  separating  the  kernels  from  the  crusts,  which  latter  operation 
can  only  be  performed  by  hand.  It  may,  however,  be  of  value  in 
uncultivated  districts  where  fuel  is  dear  and  labour  cheap,  and  where 
cupriferous  pyrites  can  find  no  market,  and  cannot  be  employed  in 
sulphuric  acid  manufacture. 

At  Agordo,  where  the  author  first  studied  this  process,  cupriferous 
pyrites  with  2  per  cent,  of  metal  was  treated  by  it.  The  mineral  was 
laid  upon  a  bed  of  wood  so  as  to  foVhi  heaps  of  250  to  300  tons,  23 
feet  long,  20  feet  broad,  and  8J  feet  high.  The  draught  was  checked 
by  means  of  walls  of  small  ore  built  into  the  heap  itself,  and  by 
covering  the  latter  with  two  layers,  the  first  of  small  ore,  and  the 
second  of  leached  crusts,  each  1  foot  in  thickness.  The  bed  of  wood 
was  laid  upon  a  foundation  of  leached  crusts,  filled  into  a  pit  in  the 
ground  6  J  feet  deep.  Logs  of  wood  were  set  in  the  latter,  3  feet  apart ; 
when  the  heap  was  lit,  these  logs  caught  fire  and  burnt,  thus  forming 
airways  for  the  admission  of  air  into  the  heap.  The  walls  for  checking 
the  draught  only  started  about  2  feet  above  the  level  of  the  ground, 
and  were  run  parallel  to  the  longer  side  of  the  heap.     In  the  upper 
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layer  of  the   covering,   hemispherical   cavitic8  were   made   for  the 
collection  of  sulphur. 

Fig.  9  shows  the  arrangement  of  8uch  a  heap ;  n  are  the  logs 
of  wood  inserted  in  the  crusts ;  b  are  stones  to  support  the  covering ; 
e  arc  the  walls  of  small  ore ;  d  arc  the  cavities  for  the  collection  of 
sulphur ;  k  is  the  covering  of  small  ore ;  i  of  leached  crusts.     The 
heap  was  lit  from  the  four  corners  ;  after  5  to  6  weeks  sulphur  began 
to  collect  in  the  cavities.     It  was  ladled  out  and  refined  by  remelting 
in  iron  pans.     It  continued  to  condense  up  to  6  weeks  before  the  end 
of  the  calcination,  which  losted  in  all  8  to  10  months.     A  200  ton 
heap  would  consume  212  cubic  feet  of  wood.     When  the  roasting  was 
finished  the  heap  was  allowed  to  cool  for  a  month,  and  the  lumps 
were   then    sorted  by   hand,   boys   being  employed.     Some   of  the 
s-ulphides     necessarily 
remained  adherent  to 
the  crusts,   whilst  all 
of  the  latter  material 
was     not      separated 
clean,    on    the    other 
hand, from  the  kernels. 
The  products  were  87 
I>ercent.  crusts  and  13 
per  cent,  kernels,  con- 
taining on  the  average  fio,  b. 
6  per  cent,  of  copper, 

the  poorer  ores  yielding  kernels  with  345  per  cent.,  and  the  richer 
ores  kernels  with  9  to  10  per  cent,  of  copper. 

In  Norway,  ores  with  J  to  I  per  cent,  of  copper  yielded  kernels 
with  7  to  1 5  per  cent,  of  metal. 

In  the  Caucasus,  where  the  author  introduced  kernel  roasting, 
ores  containing  7  to  10  per  cent,  yielded  kernels  with  35  to  45  per 
cent,  of  copper  after  six  months'  roasting.  The  crusts  contained 
3  to  4  per  cent,  of  copper,  whereof  2^  to  3  per  cent,  was  in  the  form 
of  sulphate  and  J  to  1  per  cent,  in  that  of  oxide. 

HEAP  ROASTING  OF  FINE.S 
can  only  be  performed  when  these  are  fii-st  agglomerated  into  lumps 
and  then  thoroughly  dried.  The  cementing  material  used  is  a  solu- 
tion of  green  vitriol  (sulphate  of  iron)  either  by  itself  or  with  the 
addition  of  a  little  clay.  As  this  agglomeration  requires  a  consider- 
able outlay  for  wages,  this  method  is  never  used  exco()t  when  the 
object  is  bo  convert  the  copper  into  sulphate  for  its  extraction  in  the 
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wet  way.  Otherwise  it  is  preferable  to  calcine  the  fines  of  concen- 
trates in  shaft,  reverberatory  or  muffle  furnaces,  or  to  smelt  them  raw. 
This  process  of  agglomerating  concentrates  into  lumps,  and  heap 
roasting  them  so  as  to  form  sulphate  of  copper  was  employed,  eg- 
at  Agordo,  for  concentrates  of  cupriferous  pyrites  poor  in  copper. 

REMOVAL  OF  BITUMEN  FROM  COPPER  ORES  BY  HEAP  ROASTING 

Certain  cupriferous  schists  contain  bituminous  matter  that  has  an 
injurious  eflFect  upon  the  smelting  process,  and  which  must  therefore 
be  removed  before  the  ores  can  be  smelted  ;  the  only  practicable  way 
of  removing  this  bitumen  is  by  roasting  the  ore  in  heaps.  Such  ores 
are  the  copper-schists  {KupferscJdefer)  raised  from  the  mines  of  the 
Mansfield  Company ;  they  are  bituminous  marly  schists  with  18  to 
3*7  per  cent,  of  copper  and  a  small  proportion  of  silver  (0*53  to  0*58 
per  cent,  of  the  copper  contents).  They  are  roasted  in  heaps  merely 
with  the  object  of  getting  rid  of  the  bituminous  matter,  because  this 
would  otherwise  entail  a  larger  consumption  of  fuel  on  smelting 
in  the  shaft  furnace  and  would  make  the  slag  difficultly  fusible  and 
richer  in  copper.  But  for  this,  the  schists  would  be  smelted  raw  so 
as  to  collect  the  small  percentage  of  copper  that  they  carry  into  a 
matte.  Formerly  the  schist  used  to  be  burnt  in  heaps  of  1,200  to 
1,500  tons,  an  operation  that  occupied  about  six  months  ;  now,  how- 
ever, long  narrow  heaps  of  at  most  600  tons  are  employed,  which  can 
be  completely  roasted  in  four  weeks,  so  that  the  amount  of  working 
capital  engaged  has  been  considerably  diminished.  No  bed  of  fuel  is 
required,  as  there  is  sufficient  bitumen  in  the  copper  schists  to  main- 
tain combustion ;  to  start  the  fire  a  layer  of  brushwood  is  laid  round 
the  foot  of  the  pile.  The  mine  smalls  are  made  into  briquettes  by 
being  mixed  with  tar  and  moulded  in  a  press,  and  these  briquettes 
are  intermixed  with  the  pieces  of  schist  in  the  heaps. 

This  burning  or  calcination  does  not  produce  any  alteration 
in  the  chemical  composition  of  the  metallic  sulphides  contained  in 
the  schist,  as  in  the  case  of  ordinary  roasting,  but  only  frees  the  schist 
from  bitumen,  and  at  the  same  time  expels  moisture  and  carbon 
dioxide  from  it. 

ROASTING   IN  STALLS 

This  method  is  applied  for  both  normal  and  kernel  roasting. 
Stalls  may  be  classified  as  being  with  or  without  beds  of  fuel,  open 
or  closed,  with  or  without  flues  and  stacks.  The  horizontal  section 
of  stalls  is  rectangular,  square  or  circular;  the  latter  form  is 
the   rarest.     It  is  employed   for  roasting  mercurial  copper  ores  in 
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Hungary  (Stephanshutte,  near  Gollnitz),  and  for  pyritic  copper  ores 
at  small  works  in  Transcaucasia  (AUawerdi,  Karabach).  The  rectan- 
gular shape  is  generally  preferred  because  such  stalls  take  up  less 
space  when  grouped  together,  the  products  of  combustion  are  more 
easily  led  away  and  they  are  more  convenient  for  iSUing  and 
emptying.  The  stalls  are  constructed  of  masonry  ;  lime  mortar  can 
only  he  employed  for  the  outer  parts  of  the  structure,  which  do  not 
come  in  contact  with  the  gases  evolved  during  calcination ;  for  all 
parts  exposed  to  these  gases,  clay  puddle  must  be  employed. 

The  conditions  for  stall  roasting  are  the  same  as  for  heap  roasting ; 
the  former  however  requires  less  time  if  the  draught  is  properly 
regulated,  and  allows  the  gases  generated  to  be  carried  oflF  by  stacks. 
The  advantages  of  rapid  and  uniform  roasting  can  however  only  be 
obtained  when  stacks  are  employed  and  the  draught  is  carefully 
attended  to.  Stalls  with  an  imperfect  draught,  such  as  are  often 
found,  give  results  much  less  favourable  than  heap  roasting,  hence 
such  stalls  have  often  been  abandoned  in  favour  of  heaps.  The 
laiger  the  stalls,  the  more  difficult  is  the  proper  regulation  of  the 
draught,  hence  stalls  should  be  of  moderate  dimensions  to  ensure 
rapid  and  good  roasting.  Stalls  without  flues  or  stacks  need  as  much 
time  as  does  roasting  in  heaps,  and  their  only  effect  is  to  protect  the 
burning  pile  against  wind  and  weather,  to  keep  the  heat  together 
better,  and  to  prevent  the  sulphate  formed  from  being  leached  out  by 
rain. 

Hence  instead  of  large  stalls,  a  greater  number  of  smaller  stalls, 
with  flues  leading  into  stacks  with  a  good  draught,  should  be  em- 
ployed ;  these  stacks  should  be  from  66  to  82  feet  high,  insufficient 
height  being  indicated  by  the  undue  prolongation  of  the  roasting. 
Stalls,  that  are  open  above,  are  closed  airtight  by  a  layer  of  smalls  or 
concentrates ;  in  some  places  a  sheet-iron  cover  is  used.  The  open 
front  side  is  closed  by  a  temporary  dry-stone  wall,  provided  with 
openings  for  the  admission  of  air  or  with  a  similar  wall  constructed 
of  large  lumps  of  ore  or  of  matte.  It  is  also  advisable  to  have  air 
openings  in  the  side  walls,  which  are  in  communication  with  an  air 
passage  running  the  length  of  each  wall.  The  back  of  the  stall  forms 
a  part  of  one  of  the  side  walls  of  the  flue  leading  to  the  stack,  there 
being  a  series  of  rectangular  openings  that  connect  the  stalls  with 
the  main  flue.  In  all  large  works  two  rows  of  stalls  are  built  back 
to  back  so  as  to  have  the  main  flue  between  their  rear  walls.  The 
dimensions  of  such  stalls  will  vary  within  certain  limits  with  the 
sulphur  contents  of  the  ores.  Ores  high  in  silica  and  poor  in  sulphur 
require  higher  and  wider  stalls  than  do  ores  rich  in  sulphur  and  low 
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in  silica.  In  Montana  the  best  dimensions  for  ores  with  a  medium 
proportion  of  pyrites  (30  per  cent,  of  sulphur)  have  been  found  to 
be:  length  8  feet  in  the  clear,  width  6^  feet  in  the  clear,  height 
6  feet.  Such  stalls  take  20  tons  of  ore,  which  can  be  completely 
roasted  in  10  days.  With  the  above  proportion  of  sulphur,  larger 
stalls  are  found  to  take  more  time  and  give  inferior  results. 

As  an  example  of  the  above-described  small  stalls  with  stacks, 
those  used  by  the  Parrot  Silver  and  Copper  Company  of  Butte, 
Montana,  may  be  instanced,  which  the  author  had  an  opportunity  of 
examining;  they  are  shown  in  Figs.  10  and  11.  They  are  built  of 
slag  bricks,  without  any  ironwork  for  anchoring,  and  arc  arranged  in 
two  rows  so  that  the  main  flue  runs  between  the  back  walls  of  these 
rows.  The  stalls  are  filled  in  the  manner  described  under  heap 
roasting,  by  means  of  a  high  level  railway  track  and  portable  turn- 
tables and  branch  tracks.  • 

In  the  figures,  K  is  the  flue  built  with  clay  mortar,  running  between 
the  two  rows  of  stalls,  2  feet  wide  in  the  clear,  which  leads  the 
products  of  combustion  to  the  stack  E,  82  feet  high,  3  feet  6  inches 
square  inside  measurement.  The  flue  is  covered  over  by  a  brick  arch  : 
together  with  the  stack  it  suffices  for  the  requirements  of  two  rows, 
each  of  25  stalls.  Each  stall  is  8  feet  long,  6  feet  6  inches  wide  and 
6  feet  high  inside  measurements;  vvv  are  small  flues  in  the  rear 
wall,  that  convey  the  gases  produced  during  calcination  into  the 
main  flue  K.  There  are  nine  of  these  flues  in  each  stall  at  three 
different  levels,  as  shown  in  Fig.  11 ;  each  flue  is  6  inches  wide  by 
2  inches  high.  There  are  similar  openings  o  o  o  in  the  side  walls  of 
each  stall.  With  the  exception  of  the  end  walls  of  each  row,  in 
which  these  apertures  are  in  direct  connection  with  the  air,  these 
openings  are  supplied  with  air  by  means  of  longitudinal  flues  in  each 
wall,  which  flues  are  divided  lengthways  by  a  partition,  so  that  the 
air  makes  its  way  along  them  into  each  pair  of  stalls  that  have  a 
common  side  wall.  These  longitudinal  flues  do  not  continue  into 
the  main  flue.  The  draught  is  regulated  partly  by  a  damper  in  the 
latter,  and  partly  by  more  or  less  blocking  the  flues  in  the  rear  wall 
by  means  of  bricks. 

Each  stall  holds  20  tons  of  ore,  which  is  calcined  in  10  davs. 

On  the  level  floor  of  the  stall,  three  channels  parallel  to  the 
longer  side  of  the  stall  are  built  with  lumps  of  raw  ore  and  filled  and 
surrounded  with  easily  inflammable  wood.  The  bed  of  wood  proper, 
which  should  consist  of  proi)ortionately  small  pieces,  is  then  laid  over 
and  between  these  channels,  and  the  ore  is  charged  upon  it.  From 
time  to  time  logs  of  wood  are  placed  against  the  side  and  back  walls 
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to  ensure  a  uniform  propagation  of  the  fire.  The  coarsest  lumps  of 
ore  come  first,  upon  these  smaller  ores,  then  a  cover  of  fines,  and  a 
second  cover  of  roasbed  fines.  A  layer  of  chips  of  wood  is  often  laid 
beneath  the  raw  fine  ore  to  promote  its  calcination,     The  front  of 
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the  stall  is  closed  by  a  wall  of  lumps  of  raw  ore  or  of  bricks  laid  dry, 
the  necessary  air  openings  being  left  in  either  caise. 

When  calcination  has  been  started  by  lighting  the  stall,  and  the 
draught  i»  duly  regulated,  the  normal  progress  of  the  roasting  may 
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be  recognised  by  a  slow  rising  of  the  covering.  The  volume  of  the 
ore  is  increased  by  calcination  ;  since  it  cannot  produce  lateral  ex- 
pansion, as  in  the  case  of  heap  roasting,  because  the  walls  prevent  it, 
the  nmss  of  ore  has  to  expand  vertically  upwards.  The  total  amuunt 
of  such  expansion  is  about  1  foot  in  the  case  of  pyritic  ores,  and  may 
be  as  much  as  3  inches  in  24  hours. 

When  the  draught  is  perfectly  regulated  the  results  are  identical 
with  those  of  good  heap  roasting.  If  the  stack  is  low  and  th« 
draught  therefore  feeble,  the  operation  takes  correspondingly  longer. 
With  pyritic  ores  the  consumption  of  wood  is  very  small ;  in  the 


above  stalls,  with  ores  containing  30  per  cent,  of  sulphur  and  25  per 
cent,  of  silica,  it  amounts  to  ^  cord  for  20  tons  or  001  cord  per  ton. 

Larger  stalls  with  a  horizontal  floor  and  without  stack  were 
formerly,  and  still  are,  often  used,  although  calcination  is  effected 
less  perfectly  and  with  greater  consumption  of  fuel  in  them  than  in 
the  smaller  stalls  fitted  with  flues  and  stacks.  These  larger  stalls 
were  used,  e.g.  in  Sweden,  where  they  were  13  feet  6  inches  to  15  feet 
long,  10  feet  to  11  feet  6  inches  wide  and  4  feet  to  6  feet  high.  The 
ores  contained  in  addition  to  a  small  amount  of  copper  pyrites,  iron 
pyrites,  and  blende  at  Atvidaberg,  together  with  galena  at  Fahlun. 
The  roasting,  with  one  fire,  took  4  to  6  weeks,  each  stall  holding 
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about  75  tons  of  ore,  and  using  283  cubic  feet  of  firewood.  The 
arrangement  of  a  row  of  stalls  of  this  type  is  shown  in  Figs.  12  and 
13;  in  the  fornter  the  front  of  the  stall  is  wholly,  in  the  latter  partly, 
open.  In  either  case  the  opening  is  closed  by  a  temporary  wall,  as 
shown  in  Fig.  12,  whilst  the  gases  evolved  escape  through  the 
covering. 

Stalls  worked  without  a  bed  of  fuel,  so-called  Wtllner't  or  Freiberg 
stalls,  have  an  inclined'  floor,  and  may  or  may  not  be  provided  with  a 
stack.  A  stall  of  the  latter  type  is  shown  in  Fig.  14  It  consists  of 
two  halves  A  and  B,  which  are  alternately  charged  with  ore  through 
the  doorway  o.  In  each  of  the  narrower  sides  there  are  four  fire- 
grates r,  by  means  of  which  the  ore  is  fired.  When  the  stalls  are 
being  filled,  channels  are  formed  in  the  prolongation  of  these  grates 
by  means  of  lumps  of  raw  ore,  through  which  the  products  of  com- 


bustion pass  into  the  heap  to  escape  through  the  covering  of  the  ore. 
After  the  stall  is  filled,  firing  is  kept  up  until  the  bottom  layer  of  ore 
has  ignited.  If  the  ore  is  to  be  roasted  more  than  once  the  other 
half  of  the  stall  is  left  empty  for  the  next  calcination.  E^h  half  is 
8  feet  to  10  feet  long  by  10  feet  to  11  feet  6  inches  wide  in  the  clear, 
with  four  fireplaces. 

When  a  stack  is  to  be  used,  a  vertical  flue  descends  from  the 
point  where  two  halves  meet,  which  communicates  with  the  stack 
by  means  of  a  horizontal  flue.  These  Wellner  stalls  have  the 
advantage  that  any  kind  of  ftiel  can  be  used  in  them  ;  on  the  other 
hand,  they  are  difficult  to  fill  and  empty  unless  a  high-level  railway 
track  is  used.  Although  they  are  well  suited  to  places  where  no 
wood  is  obtainable  for  calcination,  they  have  made  their  way  into  but 
few  localities. 

When  calcination  is  required  to  be  effected  very  slowly,  as  in 
kernel  roasting  or  in  converting  sulphides  of  copper  into  sulphate, 
very  large  stalls  are,  on  the  other  hand,  used.  A  charactenatic  form 
for  kernel  roasting  is  the  Styrian  stall,  shown  in  Figs.  15  and  16 
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which  was  formerly  Id  uae  at  Agordo.  Its  length  waa  384  feet,  its 
width  14  feet,  and  its  height  8  feet.  The  walls  were  5  feet  3  inches 
thick,  and  in  them  were  flues  I,  through  which  the  expelled  sulphur 
made  its  way  into  receivers  c;  the  receivers  were  closed  by  doors  p, 
and  twelve  flues  opened  into  each  one.  The  floor  a  of  the  stall  was 
formed,  as  in  the  corresponding  form  of  heap  roasting,  of  leached-ont 
ore  crusts,  with  logs  of  wood  set  in  them.     In  the  floor  there  were  a 


series  of  air  channels,  which  were  covered  with  slabs  of  stone  while 
the  stall  was  being  filled.  The  filling  was  done  at  first  through  doors 
left  in  the  walls,  and  later  from  above,  A  layer  of  wood  n  was  first 
laid  on  the  floor;  upon  this  wooden  chimneys  were  erected,  com- 
municating with  the  air  channels,  and  after  the  stall  had  been  lit 
they  were  filled  up  with  fines.  Upon  the  lumps  of  ore  a  layer  of  ore 
fines  was  laid,  and  upon  this  another  cover  of  leached  ore  crusts,  in 
which  were  hemispherical  cavities  for  the  collection  of  sulphur.  The 
time  of  calcination  in  these  stalls  was  six  to  eight  months. 
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ROASTING   IN   SHAFT  FURNACES 

This  method  presents  advantages  over  heap  and  stall  roasting 
in  that  it  can  be  executed  without  fuel  in  the  case  of  ores  containing 
a  suitable  amount  of  sulphur,  that  the  products  of  combustion  are 
suited  to  the  manufacture  of  sulphuric  acid,  and  that  it  can  be 
worked  continuously.  It  has,  therefore,  almost  entirely  displaced 
heap  roasting  in  civilised  countries,  where  sulphur  dioxide  cannot  be 
allowed  to  escape  freely.  In  order  to  be  applicable  to  sulphuric  acid 
manufacture,  the  products  of  combustion  must  contain  at  least  5  per 
cent,  of  their  volume  of  sulphur  dioxide.  This  method  can  be  used 
for  both  lumps  and  ore  fines. 

CALCINATION   OF   LUMP   ORES   IN   SHAFT   FURNACES 

Lump  ores  to  be  roasted  in  shaft  furnaces  must  contain  sufficient 
sulphur  to  continue  burning  by  themselves,  and  may  neither  frit  nor 
decrepitate  at  the  temperature  of  calcination.  The  richer  the  ores 
are  in  sulphur,  the  more  complete  is  the  calcination.  Copper  ores 
containing  lead  {eg,,  those  of  Rammelsberg,  near  Goslar,  with  sulphur 
27  per  cent.,  copper  5  per  cent.,  lead  9  to  10  per  cent.)  cannot  be  so 
far  desulplxurised  in  these  furnaces  as  is  necessary  for  matte  smelting ; 
they,  therefore,  require  a  second  roasting  in  heaps.  Pure  copper 
pyrites  is  not  suitable,  because  it  is  too  readily  fusible,  decrepitates 
in  the  heat,  and  does  not  evolve  sufficient  sulphur  dioxide.  The  ores 
best  suited  to  this  class  of  calcination  are  pyritic  ores  not  too  rich  in 
copper  (not  much  over  10  per  cent.),  like  those  from  Rio  Tinto  with 
3  to  4  per  cent,  of  copper  and  48  per  cent,  of  sulphur,  those  from 
Vermont,  Canada,  with  3*5  per  cent,  of  copper  and  45  per  cent,  of 
sulphur,  and  those  from  Rammelsberg  with  7  to  8  per  cent,  of  copper 
and  41  to  42  per  cent,  of  sulphur. 

Ore  fines  can  only  be  roasted  in  shaft  furnaces  for  lump  ore  if 
they  are  first  agglomerated  into  lumps,  but  are  far  better  and  more 
cheaply  roasted  in  shaft  furnaces  for  pulverulent  ores. 

When  fuel  is  very  dear  and  wages  low,  copper  ores  rich  in 
sulphur  may  also  be  roasted  without  utilising  the  products  of  com- 
bustion for  sulphuric  acid  manufacture.  (Orford  Nickel  and  Copper 
Company,  Sherbrooke,  Quebec,  and  in  the  Caucasus.) 

The  shaft  furnaces  in  use  are  either  so-called  pyrites  burners  or 

kilns. 

Pyrites  burners  are  low  furnaces,  about  3  feet  high,  in  which  the 
ores  lie  upon  grates  consisting  of  movable  bars.     Kilns,  which  are 
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called  simply  shaft  furnaces  in  some  places,  are  higher  (up  to  15  feet 
in  height)  with  or  without  grates.  In  pyrites  burners,  ores  rich  in 
sulphur,  in  small  pieces  (bean  to  walnut  size,  not  exceeding  1'2  inches 
cube),  are  roasted  in  layers  of  between  15  and  24  inches  in  depth. 


whilst  ores  poorer  in  sulphur,  in  lumps  up  to  25  inches  cube,  are 
roasted  in  deep  columns  in  kilns. 

Pyrites  burners  are  employed  in  most  sulphuric  acid  works  for  the 
roasting  of  pyrites ;  each  furnace  will  treat  up  to  J  ton  in  twenty-four 
hours.     The  older  form  of  pyrites  burner,  such  aa  is  used  at  the  works 


at  Oker  for  roasting  the  pyritic  ores  of  Bamtnelsberg,  is  shown  in 
Figs.  17  to  19.  Eight  burners  are  united  in  one  block,  in  two  rows 
back  to  back.  Each  furnace  is  3  feet  3  inches  high  in  the  centre,  5  feet 
9  inches  broad,  and  4  feet  9  inches  deep  in  the  clear.  The  rear  wall  H, 
which  is  common  to  a  pair  of  furnaces,  has  only  the  height  of  the 
charge,  whereby  variations  of  temperature  in  each  pair  of  communi- 
cating furnaces  at  various  stages  of  the  process  can  be  equalised.  The 
floor  of  the  furnace  is  fonned  by  the  grate  V.  This  grate  consists  of 
bars  set  on  edge,  which  can  be  turned  through  90°  either  way  by 
means  of  a  key.  By  turning  the  bars,  the  space  between  them  is 
increased  and  theroastedoredrops  through  the grateout  of  the  furnace 
body  into  a  passage  below  the  grate,  in  which  cars  are  ready  to  receive 
it.  The  ore  ia  charged  through  the  upper  row  of  the  openings  P,  which 


are  closed  by  means  of  cast-iron  doors.  (A  more  convenient  arrange- 
ment, which  is  often  adopted,  consists  in  charging  through  openings  in 
the  roof.)  Both  seta  of  openings  Pserve  for  the  introduction  of  tools  to 
prevent  fritting  and  to  loosen  the  layer  of  ore.  Air  enters  through 
the  apertures  0  between  the  grate,  whilst  the  products  of  combustion 
escape  through  M  into  the  flues  G  and  thence  pass  to  the  sulphuric 
acid  chambers.  In  front  of  the  grates  are  doors  Q  hung  on  hinges, 
that  are  opened  when  the  grate  bars  arc  turned  to  empty  the  furnace. 
2  is  a  recess  in  the  wall  lined  with  cast-iron  plates  and  fitted  with 
cast-iron  doors,  made  to  receive  cast-iron  boxes  charged  with  Chili 
saltpetre  (nitrate  of  soda)  and  sulphuric  acid,  in  order  to  generate  the 
nitric  acid  required  in  sulphuric  acid  manufacture.  This  recess  is 
connected  with  the  flue  G  by  means  of  a  short  vertical  flue,  through 
which  the  nitrous  gases  make  their  way  into  the  acid  chamber.  At 
Oker  a  block  of  eight  pyrites  burners  calcines  daily  3>  tons  of  ore,  or 
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34  lbs.  of  ore  for  each  square  foot  of  grate  area.     The  newer  burners 
erected  here  possess  three  rows  of  working  doors. 

The  design  of  English  pyrites  burners,  faced  with  cast-iron  plates, 
is  shown  in  Figs.  20  to  22,  after  Liinge,^  drawn  to  a  scale  of  -^.  In 
these  V  are  the  working  doors  for  charging  pyrites,  x  for  stirring  the 


ore,  s  the  outlet  for  the  sulphurous  gases.  The  doors  for  the  openings 
V  and  X  slide  on  grooved  rails  cast  on  the  iron  plates  that  cover  the 
furnace. 

English  pyrites  burners  are  4  feet  to  5  feet  wi^le  and  4  feet  fi 

inches  to  6  feet  long  in  the  clear  at  the  grate  level.     In  many  cases 

the  walls  have  a  slight  slope  so  that  the  burners  widen  in  the  upper 

part :  this  flare  amounts  at  most  to  !)  inches,  at  times  only   to   6 

\Soda-hi'lii'lrif„  vol,  i.'p.  199. 


inches  in  tho  width  and  h.itf  as  much  in  the  length.  The  depth  of 
the  ash-pit  is  16  to  24  inches.  The  height  of  the  working  doors 
above  the  grate,  which  determines  the  depth  of  the  layer  of  pyrites, 
is  best  nmde  between  24  and  28  inches.  The  grate  bars,  usually 
made  of  wrought  iron,  are  IJ  to  2  inches  square  ;  the  spaces  between 
them  average  1  to  IJ  inches  when  they  lie  on  edge,  IJ  to  2  inches 
when  they  lie  on  the  flat. 

In  the  South  of  France '  pyrites  burners  are  employed  similar  to 
the  English,  4  feet  square  at  the  grate  and  6  feet  deep,  having  spaces 
of  about  I '5  inches  between  the  bars.     Lunge  considers  that  suitable 


dimensions  for  burning  Spanish  pyrites  with  48  per  cent,  of  sulphur 
would  be  a  grate  area  of  4  feet  6  inches  by  5  feet  9  inches,  with  a 
depth  of  ore  of  2  feet  2  inches ;  charging  such  a  furnace  once 
in  24  hours,  it  would  pass  through  7  cwts.  of  ore  per  shaft  during 
this  period. 

Pyrites  burners  work  continuously,  raw  ore  being  charged  in 
proportion  as  burnt  ore  is  drawn  o£f.  A  furnace  is  emptied  and 
charged  at  Oker  every  sixteen  hours.  The  proper  regulation  of  the 
air  current  is  of  great  importance.  An  amount  of  air  must  pass 
through  the  grate  not  only  sufficient  for  the  calcination  of  the  ore, 
but  abo  sufficient  to  convert  the  sulphur  dioxide  into  trioxide  in  the 
lead  chamber,  together  with  a  certnin  excess,  the  oxygen  of  which  is 
to  oxidise  the  nitric  oxide  contained  in  tho  gases  escaping  from  the 
lead  chamber  (requiring  about  5  per  cent,  of  oxygen  in  the  escaping 
gases)  in  order  that  the  latter  may  be  retained  as  nitric  peroxide  in  the 
(iny  Lussac  tower.  If  the  products  of  calcination  contain  too  much 
'  Lunge,  op.  eil.  p.'206. 
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air  they  will  be  too  poor  in  sulphur  dioxide ;  if  too  little  air  is  pre- 
sent, the  calcination  will  be  imperfect  and  the  ores  will  frit  together 
or  even  melt.  At  the  same  time  too  little  sulphuric  acid  will  be 
produced  in  the  lead  chambers,  and  nitrous  gases  will  be  wasted. 

The  air  current  is  regulated  by  dampers  in  the  flue  of  each 
furnace,  and  in  the  main  flue  or  in  the  outlet  flue  from  the  lead 
chamber. 

In  the  pjrites  burner  at  Oker  the  bed  of  ore  is  18'5  inches  in 
depth,  the  largest  piece  being  1*2  inches  cube.  When  suitable 
burners  and  ores  are  employed,  the  sulphur  contents  of  the  roasted 
ore  need  not  exceed  4  per  cent. ;  at  Oker  the  sulphur  is  brought 
down  to  5  or  6  per  cent:,  corresponding  to  the  proportion  of  copper 
(6  to  9  per  cent.)  in  the  ore. 

Pyrites  burners  are  usually  charged  once  in  24  hours ;  the  tem- 
perature of  the  escaping  gases  should  not  exceed  420°  C. 

The  results  obtained  in  various  pyrites  burners  are  shown  in  the 
following  table,  compiled  by  Jurisch  :  ^ 
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Source  of  ore  or 
quality. 

1 

Harz .... 
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Sulphur. 
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44 
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44 
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40 
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42 
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1 
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Portuguese  . 
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!      39-7 

Bui  It  for  Irish  pyrites, 
readily  slagged 
Mason  pyrites.         ! 
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48 
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49 

21  64 

24  0 
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nes, ace.  Jurisch's 

i 

1 
1 

t 

own  observation. 

Eighteen  to  twenty  burners,  each  treating  6  to  8  cwts.  in  24  hours, 
require  the  labour  of  2  men  per  shift  including  the  removal  of  the 
burnt  pyrites. 

*  Handbuch  der  Schwtfdaaure-Fahrikatum,  1893,  p.  73. 


Kilns  or  sbafb  furnaces  keep  the  heat  together  better  than  pyrites 
burners,  on  account  of  their  greater  height,  which  varies  between  5 
feet  and  15  feet.  The  section  is  generally  rectangular  or  square — 
3  feet  3  inches  to  5  feet  wide  by  5  feet  to  8  feet  long,  inside  measui-e- 
ments ;  in  many  cases  the  shaft  widens  a  little  going  upwards. 
Kilns  are  particularly  suited  to  the  calcination  of  ores  too  poor  in 
sulphur  to  be  burnt  in  pyrites  burners,  which  would  only  calcine 
such  ores  very  imperfectly,  whilst  the  temperature  would  fall  so 
greatly  each  time  the  furnace  had  to  be  emptied  and  re-charged  that 
roasting  could  not  continue  unaided.  Only  moderately  lai^o  pieces, 
about  2'4  inches  cube,  can  be  roasted  in  kilns,  because  smaller  ore 
would  pack  too  close  and  stop  the  <lraught.  According  to  the  nature 
of  the  ore,  1  to  2  tons  can  bo  roasted  in  24  hours. 


The  construction  of  the  kilns  at  the  Freiberg  works  is  shown  in 
Figs.  23  and  24.  iSf  is  the  shaft,  about  9  feet  6  inches  high,  rect- 
angular in  section,  about  4  feet  1  inch  wide  by  7  feet  3  inches  long. 
The  ores  are  charged  by  means  of  a  hopper,  closed  by  a  slide,  set 
over  an  aperture  in  the  arch  of  the  furnace ;  better  than  a  slide  is  a 
cone  or  bell,  the  raising  of  which  opens  the  hopper.     The  ores  rest 
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on  the  saddle-grate  U,  and  air  enters  through  the  openings  Z.  The 
products  of  calcination  escape  by  the  flue  K  through  the  rear  wall 
into  the  main  flue,  which  is  common  to  a  set  of  kilns,  and  which 
carries  the  gases  to  the  sulphuric  acid  chambers.  The  calcined  ore 
is  drawn  out  through  the  openings  M  on  either  side  of  the  grate. 
V  V  are  working  doors,  through  which  tools  can  be  introduced  to 
loosen  or  stir  the  ore,  and  cause  it  to  descend  uniformly.  Such  a 
furnace  will  roast  15  tons  of  ore  in  24  houra. 


At  the  works  at  Oker,  Hve  such  kilns,  communicating  with 
each  other  underneath  the  vault,  form  a  block.  The  floor  is 
saddle-shaped.  The  air  supply  is  regulated  as  in  pyrites  bumei-s. 
The  construction  of  the  older  form  of  kilns  is  shown  in  Figs.  25 
and  26. 

S  is  the  shaft,  0  the  saddle-shaped  floor,  2  the  openings  for 
discharging  burnt  ore,  P  and  V  the  working  doors,  M  the  opening 
through  which  the  gases  pass  into  the  main  flue  W.  The  raw 
ores  are  charged  through  the  top  row  of  working  doors  P.  As  in  the 
pyrites  burners,  there  are  recesses  in  the  walls,  in  which  nitric  acid 
is  generated. 

These  fumaccs,  in  which  the  ore  stands  at  a  height  of  4  feet  3 
inches  above  the  ridge  of  the  floor,  can  put  through  ij  to  5  tons  per 
24  hours  in  the  block  of  5  kilns,  or  about  1  ton  per  kiln. 
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The  newer  kilns  are  about  13  feet  high,  4  feet  wide,  and  7  feet 

6  inches  long.  The  ore  is  charged  through  the  roof,  as  in  the 
Freiberg  kilns.  Each  kiln  puts  through  from  1'4  to  2  tons  per 
24  hours,  according  to  the  character  of  the  ore.  From  7  to  10  per 
cent,  of  sulphur,  corrresponding  to  the  percentage  of  copper,  is  left  in 
the  calcined  ore.  With  ores  containing  lead,  e.g.,  the  so-called  mixed 
ores  (containing  28  per  cent,  zinc  blende,  25  per  cent,  pyrites,  15  per 
cent,  chalcopyrite,  11  per  cent,   galena,  14  per  cent,  barytes,  and 

7  per  cent,  of  other  gangue),  of  which  18  to  2  tons  can  be  treated  in 
24  hours,  it  is  not  possible  to  bring  the  sulphur  down  low  enough  to 
suit  the  copper  contents;  it  can  only  be  brought  down  to  10  to  12 
per  cent,  whilst  to  get  a  proper  matte  only  some  6  to  7  per  cent,  of 
sulphur  should  be  left  in  the  ore.  The  kiln  roasting  has  therefore 
with  these  ores  to  be  followed  by  a  heap  roasting. 

THE   ROASTING  OF   ORE-FINES   IN   SHAFT   FURNACES 

Pulverulent  ores  cannot  be  roasted  in  that  form  in  the  kilns  just 
described,  because  they  would  pack  too  close  and  thus  extinguish  the 
fire.  It  is  only  in  exceptional  cases,  e.g.,  at  Freiberg,  that  fines  are 
made  into  lumps  by  means  of  dilute  sulphuric  acid,  or  a  mother- 
liquor  of  green  vitriol  and  clay,  and  these  lumps  roasted  in  kilns  ; 
this  process  can  only  be  applied  where  wages  are  low  and  the 
proportion  of  fines  very  small. 

As  a  rule,  fine  ore,  whether  got  as  such  in  the  mine,  or  in  the 
course  of  dressing  operations,  or  intentionally  produced  by  crushing 
lump  ore,  is  roasted  in  specially  designed  shaft  furnaces,  in  which  the 
interior  is  not  left  open.  It  is  filled  with  horizontal  or  inclined 
plates  or  prisms,  which  prevent  in  part  or  wholly  the  free  fall  of  the 
ore.  The  shaft  has  vertical  walls,  and  is  square,  oblong  or  circular  in 
cross  section. 

Mostof  these  furnaces  aflford  the  advantage  of  a  thorough  calcination, 
but  the  disadvantages  of  the  formation  of  flue-dust,  of  having  but  small 
capacity,  and,  in  the  case  of  lump  ore,  of  the  necessity  of  previously 
crushing  the  latter.  They  are  also  unsuitable  for  the  calcination  of 
ores  poor  in  sulphur,  and  that  frit  or  fuse  readily. 

The  gases  produced  are  generally  employed  in  sulphuric  acid 
manufacture;  nevertheless  such  furnaces  have  been  employed  in 
countries  where  fuel  is  very  dear  and  labour  cheap,  for  the  roasting 
of  ore-fines  when  no  sulphuric  acid  was  to  be  produced  {e.g.  Gersten- 
hofer  furnaces  for  pyritic  copper-ore  fines  at  Kedabeg  in  Transcaucasia). 
In  the  furnaces  in  question,  the  free  fall  of  the  ore  may  be  partly 
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prevented  by  the  obstacles  inserted  in  the  shaft,  as  in  the  fumacea  of 
Gerstenhofer  and  Hasenclever-Helbig,  or  it  may  be  entirely  prevented 
as  in  the  shelf  furnaces.  In  these  the  ores  rest  on  a  series  of  hori- 
zontal shelves  one  above  the  other,  and  either  remain  on  the  same 
ahelf  throughout  the  entire  operation  (Ollivier  and  Perret  furnace)  or 


they  are  periodically  passed  from  shelf  to  sheif  by  hand  (Maletra 
furnace),  or  by  mechanical  means  {Spence  and  MacDougall  furnaces) 
and  leave  the  bottom  shelf  in  a  roasted  condition. 

Gerstenhofer  furnace. — The  construction  of  this  furnace  is  shown 
in  Figs.  27  and  28.  The  principle  is  that  of  allowing  the  fine  ore  to 
fall  through  a  heated  shaft,  and  of  breaking  the  fall  by  interposing  a 
series  of  horizontal  triangular  clay  prisms.     These  prisms  or  carriers 
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are  so  set  that  their  upper  sur&ce  is  horizoatal  and  that  ore  dropping 
from  an  upper  carrier  is  caught  on  two  others  below  it.  The  ore  is 
continuously  charged  at  the  top  of  the  shaft  through  fluted  rolls,  and 
collects  upon  the  upper  row  of  bearers  until  it  has  reached  its  natural 


SDgle  of  repose  (33°).  It  then  falls  on  either  side  of  the  carriers  and 
drops  upon  the  prisms  of  the  next  lower  row,  lies  there  until  the 
angle  of  repose  is  again  reached,  falls  on  to  the  next  lowi;r  row  of 
bearers,  and  so  on  until  it  reaches  the  floor  of  the  furnace.  When 
the  powder  on  all  the  bearers  has  attained  its  angle  of  repose,  addi- 
tional ore  cannot  lie  upon  any  of  the  prisms,  but  falls  interrupted  by 
ihe  piles  of  ore  on  each  bearer,  until  it  gradually  reaches  the  bottom 
of  the  fiimace.     The   air  required   for  calcination   enters  through 
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lateral  openings  near  the  bottom  of  the  furnace  and  in  its  upward 
course  comes  continually  into  contact  with  the  particles  of  falling  ore. 
To  start  the  furnace  a  temporary  grate  is  put  in  and  firing  is  con- 
tinued until  the  walls  of  the  fnrnace  are  red  hot.  Raw  ore  is  then 
charged,  and  firing. is  still  kept  up  until  calcination  has  commenced 
upon  every  row  of  bearers,  and  the  ores  have  reached  a  red  heat. 
Calcination  can  then  continue  by  the  combustion  of  the  sulphur  of 
the  ore  without  any  extraneous  fuel,  and  the  temporary  grate  is 
withdrawn.  The  gases  produced  escape  at  the  top  of  the  furnace 
and  are  first  led  into  dust- chambers,  in  which  the  flue-dust  that  is 
carried  up  is  allowed  to  settle ;  thence  they  pass  to  the  sulphuric 
acid  chambers.  There  are  openings,  closed  by  cast-iron  blocks,  in  the 
front  wall  of  the  furnace,  one  opening  corresponding  to  each  prism  ; 
these  serve  to  observe  the  progress  of  the  operation,  to  remove  any 
fritted  masses  from  the  prisms,  and  to  keep  the  interspaces  between 
the  prisms  clear.  In  each  cast-iron  block  there  is  a  round  peephole 
which  is  kept  closed  by  a  clay  plug. 

The  height  of  the  shaft  varies  between  11  feet  6  inches  and  16 
feet  6  inches,  its  width  between  4  feet  3  inches  and  5  feet,  and  its 
depth  is  about  2  feet  8  inches,  inside  measurements.  There  are 
fifteen  to  seventeen  row^s  of  prisms,  there  being  alternately  six  and 
seven  in  a  row. 

In  the  above  figures,  A  is  the  shaft,  y  the  charging  apparatus, 
which  consists  of  two  fluted  rolls  placed  above  a  slot  a  and  driven  by 
a  worm  wheel  and  tangent  screw.  (In  many  furnaces,  there  are  three 
slots,  three  pairs  of  rolls  and  three  distributors  to  each  furnace.) 
Below  the  charging  slot  a  there  is  a  distributor  v.  The  ore  is  delivered 
into  a  box  r,  the  bottom  of  which  forms  a  sieve  that  retains  any  coarse 
pieces,  whilst  the  fine  grains  fall  through  on  to  the  feeding  rolls  and 
thus  to  the  distributor.  Air  enters  through  the  openings  h  and  i,  e 
is  the  gas  outlet,  B  and  C  are  dust-flues,  i?  is  the  dust-chamber.  I) 
is  an  archway  for  cleaning  out  C,  The  burnt  ore  is  drawn  out 
through  k;  I  is  the  temporary  grate,  b  b  are  the  openings  for  cleaning 
the  prisms,  z  the  iron  block  for  closing  them. 

According  to  the  nature  of  the  ores  and  the  degree  of  calcination 
required,  a  Gerstenhofer  furnace  will  treat  from  2  to  5  tons  in  24 
houi-s.  The  roasting  can  be  regulated  to  some  extent  by  mixing 
more  or  less  roasted  ore  with  the  raw  ore.  It  is  only  possible  to  put 
through  as  much  as  5  tons  when  the  ore  is  in  coarse  grains  and  the 
calcination  somewhat  imperfect.  The  furnace  is  not  suitable  for  ores 
with  less  than  25  per  cent,  of  sulphur,  whilst  with  ores  containing 
over  36  per  cent,  of  sulphur  the  Mal^tra  furnace  is  far  preferable. 


In  sjiite  of  its  comparatively  large  output,  the  Gerstcnhofer 
furnace  bas  the  great  disadvantages  of  making  considerable  flue-dust 
and  of  roasting  imperfectly.  It  is  therefore  not  very  largely  cniployud 
for  calcining  copper  ores,  and  cannot  be  recommended  where  a 
thorough  roast  is  required,  as  ores  rich  in  sulphur  and  poor  in  copper, 

like  cuoriferouH  itvritcs,  would  give  a  matte 

after  calcination  in  tbis 

Helbiff  fwnace. — The 
:iace  depends  on  heating 
simultaneous  calcination 
nsists  of  a  combination 
with  a  shaft,  the  latter 
tb   a   series   of  shclvcij 
to  each  other,  inclined 
at    an    angle   of   38°. 
Tbc  fine  ore  is  charged 
at  the  top  of  the  fur- 
nace,    slides     slowly 
down  tbc  shelves,  be- 
cause its  angle  of  re- 
pose is  33°,  and  is  ulti- 
mately removed  from 
the   bottom   shelf  by 
means  of  a  small  roller, 
The  gases  produced  in 
the  pyrites  burner  pass 
firet  under,  then  over 
each   of    the   shelves, 
being   conducted    up- 
wards by  small    flues 
in    the    narrow     side 
rio.  M.  walls    of    the    shaft ; 

they  mix  with  the 
gasea  evolved  in  the  shaft  from  the  burning  fine  ore,  and  are  led  by 
a  flue  Dear  the  top  of  the  shaft  to  the  sulphuric  acid  chambers. 
Figs.  29  and  30  show  this  furnace.  jS'  is  the  shaft  connected  with 
the  pjTites  burners  a;  p  are  the  shelves  down  which  the  ore 
slides,  ui  w'  and  vv'  the  flues  through  which  the  gases  ascend  in 
the  directions  shown  by  the  arrows.  The  ore  is  charged  at 
'I  and  is  delivered  at  o  by  the  roll  y.  The  gases  pass  to  the 
lead  chambers  through  the  flue  r.     In  24  hours  05  to  0'8  ton  of 


60  METALLURGY 

pjTitic  tines  can  be  roasted  in  the  shaft,  down  to  4  to  7  per  cent  of 
sulphur. 

These  furnaces  have  the  advantage  that  ores  in  grains  np  tu  06 
inch  in  diameter  can  be  roasted  in  them,  but  the  serious  disadvantage 
that  the  roasting  of  the  fines  dei>onds  on  that  of  the  lump  ore,  so  that 
fine  ore  in  excess  of  a  cer- 
tain ratio  cannot  be  treated 
in  this  furnace.  On  this 
account  it  has  been  dis- 
placed by  furnaces  in  which 
the  fine  ore  is  roasted  inde- 
pendently of  the  lump  ore, 
and  is  probably  nowhere  in 
use  at  the  present  day. 

Oliivicr  and  Ferret  fur- 
wacf.^-This  furnace,  like  the 
last,  depends  upon  the  prin- 
ciple of  heating  pulverulent 
ores  by  means  of  the  hot 
gases  evolved  in  roasting 
lump  ore,  and  consists  of  a 
combination  of  a  pyrites 
burner  with  a  shelf  furnace. 
The  latter  consists  of  a 
shaft,  into  which  the  pyrites 
burner  is  continued,  and 
which  contains  a  series  of 
horizontal  shelves,  made  of 
fireclay,  set  about  1  foot 
apart,  and  so  disposed  that 
the  heated  gases  from  the 
pyrites  burner  can  pass  be- 
low and  above  each  shelf. 
fjo,  so.  The   ore   to   be  roasted    is 

spread  in  a  layer  2  inches 
deep  on  each  shelf  and  left  until  the  calcination  is  finished.  The 
hot  gases  from  the  pyrites  burner  ascend  through  flues  in  the 
side  walls,  heat  the  shelves  and  the  ore  upon  them,  and  mix  with  the 
gases  evolved  from  the  latter,  being  ultimately  dehvered  from  the 
upper  part  of  the  furnace  to  the  sulphuric  acid  chambers.  The 
roasted  ore  is  discharged  into  a  vertical  chamber  in  front  of  the 
which  is  kept  filled  with  roasted  ore,  which  ueab  the  &oat 


COPPER  81 

of  the  furnace  whilst  the  operation  is  in  progress.  Accordingly,  in 
this  furnace  the  ore  does  not  pass  from  above  downwards,  but 
remains  stationary  on  the  shelves  during  calcination. 


Figs.  31  and  32  show  the  construction  of  the  furnace.  K  K  are 
the  pmtes  burners,  S  S  the  shafts  provided  with  the  clay  shelves  ( ; 
o  o  are  openings  fitted  with 
iron  doors,  through  which 
the  ore  is  charged  on  to  the 
shelves;  y  y  are  the  flues 
through  which  the  gases  as- 
cend, and  io  w  those  through 
which  they  pass  to  the  sul- 
phuric acid  chambers ;  v  v  are 
the  vertical  chambers  to  re- 
ceive the  roasted  ore,  and  a  a 
the  doors  through  which  it  is 
duicharged  from  the  furnace. 

This  furnace  roasts  well 
but  has  the  same  objection 
as    the     Hasenclever  -  Helbig 

furnace,  namely,  that  the  cal-  ^'"  '^■ 

cination  of  the  fines  depends 

upon  the  ratio  of  the  latter  to  the  lump  ore,  which  must  be  1 :  1 
or  at  the  ontside  2  :  1.     For  this   reason   it    has,  like    the  last- 
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named  furnace,  been  displaced  by  independent  furnaces  for  roasting 
fines.    According  to  Lunge,  it  is  still  in  use  in  some  French  sulphuric 
acid  works. 

MaUtra  Jurnace. — This  is 
the  best  furnace  for  the  calcin- 
ation of  cupriferous  pyrites,  not 
only  because  it  admits  of  a  very 
perfect  roasting  (down  to  1  per 
cent,  of  sulphur),  but  also  be- 
cause it  will  treat  ore  in  coarse 
grains.  It  was  designed  by 
Juhet,  the  manager  of  the  siil- 
phunc  acid  works  of  Maletra 
in  Rouen,  and  relies  upon  the 
possibility  of  roasting  pulveru- 
lent ores  in  a  shaft  furnace 
provided  with  shelves  even 
without  the  application  of  cx- 
y,o.  3S.  traneous  heat,  as  in  the  two 

last-named  furnaces.  The  fur- 
nace is  simply  a  vertical  shaft  with  no  pyrites  burner,  provided  with 
horizontal  shelves  of  fireclay.     The  shelves  are  placed  at  a  certain 


distance  apart,  so  that  the  ore  can  be  charged  on  to  the  top  shelf, 
be  mtuie  to  pa-ss  from  shelf  to  shelf,  and  finally  be  withdrawn  com- 


pletely  roastw!  from  tho  bottom  shelf.     To  start  the  furnace,  it  is 
heated  to  redness  by  moans  of  cxtmneoiia  fuel,  and  theo  charged 


v^ 


with  ore-fines ;  the  calcination  thus  set  up  continues  of  itself,  the 
heat  evolved  being  sufficient  to  maintain  the  temperature.  A  work- 
ing (ioor  is  supplied  to  each  shelf  , 

An  improved  form  of  this  furnace, 
modified  by  SchafFner  of  Aussig,  is 
being  use<1  at  Aussig  for  roasting 
cupriferous  pyTites,  and  is  shown  in 
Figs.  33  to  37.  S  is  the  shaft,  ( (  the 
clay  shelves ;  a  is  a  vertical  flue  for 
charging  the  small  ore  on  to  the  top- 
most shelf  by  means  of  a  hopper;  o  o 
arc  the  working  doore,  the  planed 
wiges  of  which  are  arranged  to  slide 
in  planed  grooves  in  ribs  cast  on  to  the 
friint  plates  of  the  furnace.  These  doors 
are  opc-ned  when  the  ore  has  to  be 
rabbled,  or  transferred  from  one  shelf  ' 

U'  the   next.     The   roasted  ore  drops 

through  the  vertical  flue  k  into  the  chamber  w,  whence  it  is  drawn 
'lut  through  the  door  z.     The  gases  evolved  pass  through  an  opening 
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m  in  the  roof  into  a  flue  y,  which  is  common  to  a  row  of  these 
furnaces,  thence  into  the  dust-chamber  /,  and  finally  through  the 
flue  p  to  the  lead-chambers. 

Each  Mal^tra  furnace  (each  shaft)  is  capable  of  roasting  f  ton  of 
fine  and  granulated  ore  in  twenty-four  hours  down  to  1  to  2  percent, 
of  sulphur.  A  block  of  four  furnaces  will  treat  3  tons  of  ore  smalls 
in  twenty-four  hours. 

A  furnace  described  by  Jurisch,^  which  is  employed  in  France, 
and  which  is  said  bo  have  given  the  best  results  of  any  form  of 


0 


10 

I 


J L 


20  FI 
—I- 


¥\o.  87. 


Maldtra  furnace  in  a  series  of  comparative  tests,  is  shown  in  Figs.  38 
and  39.  Here  the  shelves  are  flat  above  and  below,  and  are  sup- 
ported in  the  centre  ;  they  are  2*5  inches  thick,  28  inches  long,  and 
26  inches  broad,  are  cut  square  on  their  longer  sides,  but  are  half- 
checked  along  the  shorter,  and  are  joined  together  as  shown  in  Fig, 
40.  The  gases  from  a  pair  of  furnaces  enter  the  wide  flue  z  which 
serves  as  a  dust-chamber,  and  thence  pass  into  the  flue  y.  The 
walls  of  the  flue  z  form  the  back  walls  of  a  row  of  furnaces  on  either 
side.  This  arrangement  is  preferable  to  the  older  fonn  adopted  by 
Schaffner,  because  the  back  walls  when  freely  exposed  to  the  air 
were  found  to  render  the  furnace  very  sensitive  to  the  air  currents, 

^  Handhuch  der  Schwejelsdure-Fahricaiion,  Stuttgart,  1893. 


so  that  it  readily  admitted  too  much  air.     Each  shelf  of  this  furnace 
has  an  area  of  35  square  feet  of  heating  surface,  and  the  whole  furnace 


longlta^ltial  Sfcllon 


has  210  squfire  feet.     On  each  square  foot  of  surface  6  lbs.  of  pyrites 
can  be  roasted  in  twenty-four  hours. 
In  operation,  this  furnace  is  drawn  and  recharged  every  6  hours :  a 
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furnace  roasts  10  to  15  cwta.  of  pyrites  in  twenty-four  hours  down  to 
0*42  to  1  per  cent,  of  sulphur.  The  gases  escape  at  temperatures 
ranging  from  300°  to  400*"  C,  averaging  330**  C.  One  man  per  shift 
is  required  to  every  four  furnaces. 

The  rate  of  removal  of  sulphur  on  the  various  shelves  of  a 
Mal^tra  furnace,  the  ore  remaining  6  hours  on  each  shelf,  was  found 
to  be  as  follows  at  a  works  in  the  north  of  France  ^ : — 

Raw  pyrites  (from  Sain  Bel,  1880,)       50  per  cent.  Sulphur. 

Ore  from  the  first  shelf 46*16  „ 

„         „     second  „         35*89  „ 

„     third      „         23-29 

„         „     fourth    „         1*50  „ 

„    fifth       „        0-52 

„        „     lowest    „        0*26  „ 


The  decrease  in  sulphur  from  Pomaron  pyrites,  containing  49'6 
per  cent,  of  sulphur,  in  a  six  shelf  furnace,  and  the  temperature 
above  each  shelf  have  recently  been  determined  by  J,  Krutwdg  and 
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t  ; 

*  «  *  • 

Fia.  40. 

H.  Dunoneant,^  the  temperature  having  been  taken  by  a  Chatelier 
pyrometer.     The  results  are  shown  in  the  following  table  : 


Shelf  No, 

Sulphur 
per  cent. 

Temperature. 

1 

49-65 

680"  C. 

2 

37-90 

750 

3 

30-13 

720 

4 

1000 

650 

0 

1-26 

380 

6 

1-08 

360 

After  lying  for  6  hours  on  the  last  shelf  the  ore  contained  only 
0*59  per  cent,  of  sulphur ;  the  temperature  above  the  first  shelf  rose 
in  the  first  four  hours  from  485°  to  640°  C. 

It  thus  appears  that  the  greater  part  of  the  sulphur  is  removed 

*  Jurisch,  op.  ciV.  p.  82. 

*  Rtv.  Univ.  d.  MineSy  March,  1898. 
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on  the  four  topmost  shelves  and  especially  on  the  first  and  the 
fourth.  The  depth  of  the  layer  of  ore  on  the  shelves  is  usually  about 
1-2  to  1*6  inches. 

According  to  Lunge  ^  scarcely  any  blue  flame  should  be  visible 
when  the  ore  is  pushed  from  the  first  on  to  the  second  shelf.  The 
second  shelf  should  be  at  a  bright  red  heat,  the  third  somewhat 
duller.  The  rear  part  of  the  fifth  shelf  should  show  light  only  at 
night ;  the  lowest  shelf  should  be  quite  black. 

Sorel  ^  found  that  the  half  of  the  residual  sulphur  in  the  roasted 
ore  was  combined  as  ferrous  monosulphide  and  half  as  ferric  sulphate. 

The  Mal^tra  furnace  is  the  best  furnace  for  ores  rich  in  sulphur, 
and  that  are  not  apt  to  sinter. 

Spencefu7iiace. — This  is  a  Mal(5tra  furnace,  in  which  the  charging 
of  the  ore,  its  transfer  from  shelf  to  shelf,  and  its  discharge  are  per- 
formed automatically.  It  is  used  in  countries  where  wages  are  high 
and  especially  in  the  United  States,  for  the  calcination  of  cupriferous 
pyrites*  Its  principle  is  shown  in  Figs.  41  and  42,  The  shelves  p 
fill  the  entire  cross  section  of  the  furnace,  but  are  slotted,  so  that  the 
ore  can  drop  from  each  shelf  to  the  one  below.  On  each  shelf  there 
is  a  rabble  r,  whose  handle  ^,  16  to  20  feet  in  length,  is  attached  to  a 
vertical  rod  m  carried  on  wheels ;  the  latter  is  periodically  moved 
backwards  or  forwards  by  water  or  steam  power,  this  motion  being 
communicated  to  the  rabble  inside  the  furnace.  The  ore  is  charged 
by  means  of  a  hopper  T  furnished  with  a  slide,  which  is  also  attached 
to  the  rod  m  and  allows  a  small  quantity  of  ore  to  drop  into  the 
furnace  each  time  it  is  drawn  back*  The  ore  is  thus  slowly  pushed 
across  the  shelves  p,  and  is  at  last  discharged  in  the  roasted  state 
into  the  waggon  te;.  Each  furnace  has  four,  or,  more  recently,  five 
shelves,  whose  vertical  distance  apart  is  about  14  inches.  The  fur- 
nace is  about  16  to  20  feet  long  by  34  feet  wide. 

The  author  has  seen  this  furnace  in  operation  at  the  Parrot 
Works,  Montana,  where  5  tons  of  pyritic  copper  ores,  containing  35 
per  cent,  of  sulphur,  were  being  calcined  in  each  furnace  in  24  hours. 
The  roasting  can  be  completed  down  to  1  per  cent,  of  sulphur.  The 
iron  rabbles  and  rods  are  kept  covered  with  ore,  as  their  life  is  there- 
by greatly  prolonged  ;  it  is  said  to  be  about  two  years.  But  little 
labour  is  required,  as  two  men  can  attend  to  six  double  furnaces. 

An  improved  Spence  furnace^  has  been  designed  and  built  by 
Messrs.  Keller,  Gaylord  and  Cole  at  the  Parrot  Company's  Works  at 

*  Lunge,  op,  cit,  p.  236. 

*  The  description  of  this  furnace  is  abstract^  from  R.  D.  Peters's  Modem  Copper 
Smdiing,  seventh  edition,  p.  214. — [H.  L.] 
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Butte.  Each  furnace  consista  of  a  jmir  nf  blocks  of  aix  hearths  each, 
the  machinery  for  driving  the  rabbles  Ijnng  between  the  two.  Ea«h 
double  block  ia  39   fe(^t  lon^,  22  feet  6  inches  wide,  and  24  feet  9 


inches  high.  The  rabbling  arrangetnent  consists  of  six  sets  of  arms 
on  each  side,  passing  through  slots  into  thfiir  respective  hearths. 
These  arms  receive  a  back  and  forwards  motion  by  means  of  a  steel 
wire  rope  passing  n)und  a  driving  wheel  which  is  turned  alternately 
in   opposite  directions   by  means  of  a   pinion  gearing  with  a  rack 
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attached  to   a  hydraulic  piston.     The  slots  are  closed  by  steel  tapes 

that  also    receive   a  reciprocating   motion  by    means  of  pulleys  at 

either   end  of  their  travel,  worked  by  springs  and  weights.     Each 

rabbling  arm  has  two  sets  of  plough  blades,  lying  in  the  same  plane, 

but  so  arranged  that  the  blades  on  one  side  of  the  arm  alternate  with 

those  on  the  other.     Each  time  that   the  motion   of  the  rabbling 

arm  is  reversed,  it  is  turned  through  90°,  so  that  the  plough  blades 

always  traverse  the  ore  in  one  direction  only,  and  lie  horizontally 

above   the   ore  without  touching  it  on   the   return  journey.     Each 

set  of  plough  blades  is  thus  brought  into  play  once  in  four  strokes, 

and  as  the  blades  alternate,  the  ridges   of  one  stroke   correspond 

to  the  furrows  of  the  next ;  the  plough  blades  have  thus  ample  time 

to  cool  off. 

Each  block  of  six  hearths  is  provided  with  a  fireplace  2  feet  6 
inches  by  4  feet,  fired  with  slack,  the  coal  containing  about  18  per 
cent,  of  ash.  This  furnace  (the  double  block)  will  roast  46  (short) 
tons  of  concentrates  with  41  per  cent,  of  sulphur  down  to  between  7 
and  10  per  cent,  of  sulphur,  in  24  hours  with  the  consumption  of 
f  ton  of  coal  slack.  The  ore  is  fed  automatically  by  means  of  fluted 
rollers  at  the  top  of  the  furnace,  and  one  man,  working  a  12  hour 
shift,  is  able  to  do  all  the  necessary  work  including  firing,  for  three 
sets  of  these  furnaces,  so  that  the  labour  cost  is  very  low.  The 
rabble  arms  and  ploughs  are  the  only  part  of  the  rabbling  mechanism 
exposed  to  heat,  and  the  life  of  these  pieces  is  said  to  average  some 
four  months.  About  two  horse-power  are  required  to  drive  the 
machinery.  The  results  obtained  with  this  furnace  are  spoken  of  as 
highly  satisfactory. 

MacDougall  furnace, — Like  the  last,  this  is  a  shelf  furnace  in 
which  the  ore  is  advanced  automatically.  The  furnace  body  is 
cylindrical  and  the  shelves  are  circular  with  openings  alternately  at 
the  centre  and  the  circumference  to  permit  of  the  descent  of  the  ore. 
A  vertical  shaft  traverses  the  centre  of  the  furnace,  carrying  rabbles 
corresponding  to  the  shelves.  The  air  required  for  combustion  is 
forced  in  at  the  bottom  by  a  fan ;  the  ore  to  be  roa^sted  is  delivered 
on  to  the  top  shelf  by  means  oi  a  bucket  elevator,  and  by  the  motion 
of  the  rabbles  it  is  gradually  dropped  from  shelf  to  shelf,  falling 
alternately  at  the  centre  and  at  the  circumference,  till  it  reaches  the 
floor  of  a  furnace  in  a  roasted  state.  The  gases  escape  at  the  top  of 
the  furnace  through  a  flue  leading  to  the  acid  chambers.  The 
original  MacDougall  furnace  is  shown  in  Figs.  43  and  44  after  Lunge  ^ 
as  it  was  used  at  Liverpool,  where  it  has  however  been  given  up  on 

'  Handfmch  der  Soda-IndtuUrie  /.,  Braunschweig,  1883. 
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account  of  making  too  much  flue-dust.  It  consists  of  a  cast-iron 
cylinder  11  feet  6  inches  high  and  6  feet  in  diameter,  made  up  of 
seven  rings  bolted  together.  Inside  it  are  the  flat  arches  g  to  g^  made 
of  firebrick.  These  are  traversed  by  the  central  shaft  w,  6  inches  in 
diameter,  carrying  the  arms  k  to  \  furnished  with  rabbles.  There 
are  apertures  alternately  at  the  centre  (d)  and  at  the  circumference 
(p)  of  each  arch,  the  former  being  146  inches  in  diameter.  The 
under  side  of  the  arms  is  furnished  with  tines  turned  towards  the 
centre  on  such  of  the  arches  as  are  provided  with  central  discharge) 
and  towards  the  circumference  on  the  others.  As  the  shaft  revolves 
the  ore  is  accordingly  forced  through  the  central  and  peripheral 
openings  alternately  until  it  ultimately  reaches  the  furnace  bottom, 
where  it  is  pushed  into  the  tube  a;,  which  is  kept  closed  by  the  sliding 
door  u.  The  ore  is  lifted  by  the  bucket  elevator  B  to  the  top  of  the 
{iimace  and  delivered  on  the  arch  g ;  the  rabble  k  forces  it  through 
an  opening  outside  the  furnace,  whence  the  piston  z  pushes  it  onto 
the  arch  g^  where  its  descent  through  the  furnace  commences.  T  is 
a  fan  supplying  air  to  the  furnace ;  it  is  driven  together  with  the 
vertical  shaft  w  and  the  elevator  B  by  an  engine  at  D ;  the  gases 
escape  through  the  flue  N,  There  are  manholes  at  0  through  which 
repairs  can  be  executed.  Such  a  furnace  roasts  3^  tons  of  concentrates 
in  24  hours  ;  the  engine  consumes  4  tons  of  fuel  per  week. 

The  great  objection  to  this  furnace  is  that  the  rabble  arms  cannot 
be  removed  from  the  central  shaft  whilst  the  furnace  is  in  operation,  so 
that  for  the  repairs,  which  are  often  needed  to  these  arms  and  to 
the  rabble  teeth,  the  entire  furnace  has  to  be  stopped.  In  addition 
to  this,  relatively  large  amounts  of  flue-dust  are  produced. 

Herreshof  ^  has  done  away  with  the  former  objection  by  attaching 
arm  sockets  to  the  shaft,  into  which  the  arms  can  be  inserted,  and 
from  which  they  can  be  removed  whilst  the  furnace  is  in  operation. 
In  roasting  pyrites  with  44  per  cent,  of  sulphur  even  the  sockets  were 
often  injured  by  the  heat,  and  the  entire  furnace  had  to  be  stopped 
to  enable  them  to  be  renewed.  He  has  also  got  over  this  difficulty 
more  recently  by  using  a  hollow  vertical  shaft,  through  which  pass 
horizontal  channels  at  right  angles  to  the  axis  in  which  the  ends  of 
the  rabble  arms  are  secured,  partly  by  their  own  weights  and  partly 
by  .special  locking  contrivances.  A  rib  is  cast  onto  the  upper  end 
of  each  arm  corresponding  to  a  recess  in  the  centre  of  the  shaft 
opposite  each  channel  (see  Fig.  45).  On  pushing  the  arm  into  the 
opening  the  rib  slips  into  the  recess ;  on  lifting  th^  outer  end  of  the 
arm  three  inches,  the  rib  comes  out  from  the  recess,  and  the  arm  can 

*   Tht  Mitieral  Induntry^  vol.  vi.  p.  235. 
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be  drawn  out  through  suitably  placed  doors  in  the  furuai:e  casing. 
By  these  means  a  rabble  arm  caa  be  removed  and  a  new  one  inserted 
in  one  minute. 

The  shaft  is  14  inches  in  diameter ;  air  passes  up  it  from  below 
escaping  at  its  upper  stack-like  prolongation.  The  cross  channels 
are  5  inches  high  by  4  inches  wide,  and  leave  ample  space  for  the 
air  to  pass  up.  The  ore  i^  forced  into  the  furnace  by  the  motion 
of  a  plunger  placed   below   the   charging    hopper.-    The    vertical 


shaft  makes  one  revolution  in  two  minutes,  during  which  time  the 
plunger  makes  two  strokes.  The  furnace  is  cased  in  ^  inch  steel 
plate,  which  is  lined  with  red  brick  8  inches  thick.  The  outside 
diameter  of  the  furnace  is  10  feet,  the  height  being  the  same.  No 
information  is  given  respecting  the  mode  of  introduction  into  the 
furnace  of  the  air  necessary  for  oxidation. 

This  furnace  roasts  in  24  hours  28  to  32  tons  of  ore  with  44  per 
cent,  of  sulphur  down  to  25  to  35  per  cent.;  in  the  same  time  it 
will  roast  5  tons  of  less  sulphury  ores  {Butte  concentrates). 

This  furnace  is  very  cheaply  worked;  thus,  at  the  works  of  the 
Montana  Ore  Purchasing  Co.,  one  mim  can  attend  to  36  furnaces. 

The  advantage'  of  this  most  recent  furnace  is  that  the  hollow 
vertical  shall  is  kept  cooled  down  below  redness  by  the  current  of  air' 
that  passes  through  it,  and  that  the  arms  arc  also  kept  similarly  cool 
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close  to  the  shaft  where  the  strain  on  them  is  a  maximum.  In  con- 
sequence, the  consumption  of  these  arms  is  relatively  low ;  they  are 
made  of  cast  iron,  are  hollow  and  rectangular  in  cross-section.  Each 
arm  weighs  100  lbs.  At  the  present  time  there  are  60  of  these 
furnaces  in  operation  in  the  United  States. 

CALCINATION   IN  REVERBERATORY   FURNACES 

Reverberatory  furnaces  should  be  employed  for  roasting  sulphur- 
etted copper  ores,  when  the  sulphur  is  not  required  to  be  utilised 
in  sulphuric  acid  manufacture  and  when  the  extraction  of  the  copper 
from  the  ore  is  to  be  performed  rapidly.  They  are  Suitable  for  all 
kinds  of  copper  ores.  Ores  rich  in  copper  and  poor  in  sulphur  should 
not  as  a  rule  be  calcined,  but  be  smelted  raw  for  matte ;  this  also 
applies  to  ores  containing  but  small  amounts  of  metallic  sulphides. 
Cupriferous  pyrites  can  be  roasted  in  the  reverberatory  furnace  with 
the  least  amount  of  fuel,  and  in  the  shortest  time,  because  the  sulphur 
in  them  takes  the  place  of  a  portion  of  the  fuel. 

Ores  to  be  roasted  in  reverberatories  must  first  be  crushed  unless 
they  are  already  in  the  form  of  concentrates  or  fines.  The  size  of 
grain  best  adapted  to  calcination  must  be  determined  experimentally 
in  each  individual  case. 

For  thorough  calcination,  the  ore  in  the  furnace  must  be  brought 
into  the  most  intimate  contact  possible  with  the  air  current ;  with  this 
object  it  is  rabbled  by  hand  or  by  machinery.  The  working  chamber 
or  hearth  of  reverberatory  furnaces  is  either  fixed  or  is  movable 
either  wholly  or  in  part.     We  may  therefore  distinguish  : 

1.  Fixed  reverberatory  furnaces  -!      .  ,  ,  .         \  °' 

I  with  machme  rabblmg. 

2.  Reverberatory  furnaces  with  movable  beds. 

3.  Reverberatory  furnaces  with  movable  (rotating  cylindrical) 
working  chambers. 

Well  constructed  reverberatory  furnaces  with  fixed  hearths  and 
handworking  give  favourable  results  where  labour  is  cheap;  they  are 
indispensable  in  the  case  of  easily  fusible  ores  or  such  as  sinter 
readily.  Where  wages  are  high,  this  form  of  furnace  is  economically 
inferior  to  furnaces  with  fixed  hearths  and  machine  rabbling,  or  to 
revolving  cylinders. 

CALCINATION   IN   FIXED   HEARTHS   WORKED   BY   HAND 

The  only  furnaces  that  need  be  considered  under  this  head  for 
the  roasting  of  copper  ores  are  those  with  a  long  hearth  worked 
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continuously  {FoHachxiufelungsbfen),  In  these  the  ore  is  charged 
at  the  point  furthest  removed  from  the  firebridge,  and  is  moved 
at  definite  times  in  definite  quantities  towards  the  hottest  part  of  the 
furnace,  until  it  is  drawn  off,  completely  roasted,  at  the  firebridge. 
The  older  type  of  smaller  furnace,  worked  discontinuously,  in  which 
the  whole  of  the  ore  to  be  roasted  was  charged  at  one  time,  and  drawn 
out  at  one  time  when  the  calcination  was  complete,  has  gone  out  of 
use  everywhere  on  account  of  its  high  cost  both  in  fuel  and  in 
labour,  and  need  not,  therefore,  be  described  here. 

The  normal  type  of  furnace  is  that  with  one  hearth  and  working 
doors  on  either,  side.  Separate  hearths  situated  one  above  the  other 
present  great  difficulties  in  working  the  upper  hearths,  and  should 
only  be  employed  under  exceptional  circumstances,  such  as  very  dear 
land  or  want  of  space. 

The  size  of  the  hearth  must  depend  upon  the  percentage  of 
sulphur  in  the  charge ;  the  higher  the  latter,  the  longer  can  the  hearths 
be,  as  they  are  heated  by  the  combustion  of  the  sulphur.  Experi- 
ence has  shown  that  a  length  of  66  feet  is  about  the  maximum,  as  a 
greater  length  gives  no  better  results  as  regards  calcination,  whilst  it 
increases  both  the  first  cost  and  the  expense  of  labour.  The  above 
length  can  be  used  for  ores  that  are  richest  in  sulphur  down  to  those 
containing  about  25  per  cent.,  or  with  pyrites  even  down  to  20 
per  cent,  of  sulphur.  With  ores  carr}'ing  20  per  cent,  of  sulphur  as 
monosulphide,  a  hearth  of  50  feet  is  long  enough,  and  with  15  per 
cent,  of  sulphur  its  length  should  be  from  33  to  40  feet.  The  width 
of  the  hearth  should  be  such  that  the  ore  can  be  conveniently  rabbled 
and  moved  forwards,  the  efficiency  of  the  furnace  increasing  with  the 
width  of  the  hearth  within  this  limit.  On  the  continent  of  Europe 
the  width  varies  from  8  feet  to  11  feet  6  inches,  whilst  in  America 
hearths  up  to  16  feet  wide  inside  have  been  used  with  good  results. 
As  the  ores  can  still  be  thoroughly  worked  and  roasted  with  the 
latter  width,  it  must  be  looked  upon  as  the  most  suitable  for  the 
calcination  of  sulphuretted  copper  ores.  The  number  of  working 
doors  on  either  side  must  be  limited  as  far  as  possible,  as  they  tend 
to  cool  the  furnace  down.  Experience  has  shown  that  the  distance 
between  the  centre  lines  of  neighbouring  doors  should  not  exceed 
8  feet,  nor  be  less  than  6  feet.  The  brickwork  projections  between 
the  doors  should  be  kept  as  flat  as  possible.  In  order  to  utilise 
the  heat  as  completely  as  possible,  it  is  well  to  give  the  arch  of 
the  furnace  a  gentle  slope  down  towaids  the  flue  end,  or  else  the 
bed  may  rise  gently  upwards,  either  continuously  or  in  several 
steps. 
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Figs.  46  to  48  show  the  arrangemeut  of  such  a  roasting  furnace. 
E  is  the  working  chamber  (the  term  hearth  is  applied  indifferently 
to  this  as  well  as  to  the  bed  or  hearth  proper),  /  the  hollow,  air-cooled 
firebridge,  F  the  fireplace,  H  the  hearth   or   bed.     The   ores   are 


chatted  thnmgh  the  opening  a,  near  the  fine,  which  ean  be  closed 
when  not  in  use,  and  they  arc  gradually  advanced  towards  the  fire- 
bridge, where  they  arc  emptied  through  vertical  shoots  d  into  a 
vault  below  the  hearth.     The  working  doors  are  shown  at  tnm.    The 
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products  of  combustion  traverse  the  full  length  of  the  hearth  and 
escape  through  the  flue  z,  into  two  flues  h  b  running  along  over  the 
top  of  the  arch,  whence  they  pass  by  the  flues  o  c  to  the  stack.  In 
proportion  as  calcined  ore  is  removed  from  the  hearth,  the  portions 
of  the  charge  lying  in  front  of  each  working  door  are  advanced  and 
a  jGresh  charge  is  dropped  in  front  of  the  first  pair  of  working  doors. 

The  construction  of  a  modern  calciner  such  as  is  used  in  the 
United  States,  with  stepped  hearth  16  feet  wide  and  64  feet  long, 
is  shown  in  Figs.  49  to  51.  The  ashpit  is  closed  at  both  ends,  air 
being  admitted  through  doors  in  one  or  both  of  them ;  the  rate  of 
combustion  is    thus    more    thoroughly    under  control   and   fuel   is 
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economised.  According  to  Petiers  ^  this  arrangement  economises 
50  per  cent,  of  the  weight  of  the  fuel  when  coal  is  employed,  and  65 
per  cent,  of  its  volume  when  firewood  is  employed. 

The  quantity  of  ore  that  such  a  furnace  is  able  to  roast  depends 
upon  its  capacity  and  upon  the  richness  of  the  ore  in  sulphur. 
Pyritic  ores  rich  in  sulphur  roast  more  rapidly  than  ores  low  in 
sulphur. 

In  the  large  American  calciner,  here  shown,  some  twelve  tons  of 
ore  rich  in  sulphur  can  be  roasted  in  twenty-four  hours,  with  a  con- 
sumption of  one  ton  of  coal  or  two  cords  of  soft  wood,  and  with  the 
labour  of  four  men  (two  men  on  each  twelve  hour  shift),  together 


1  Op,  rit.  p.  179. 
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with  one  quarter  of  a  man's  time  on  a  six  hour  shift,  for  trans- 
porting the  ore  and  filling  it  into  the  hopper.  The  total  amount  of 
ore  in  the  furnace  at  one  time  is  eight  tons,  or  two  tons  to  each  step 
hearth  ;  one-fourth  of  the  total  charge  is  removed  every  four  hours,  so 
that  a  chaise  of  ore  remains  sixteen  hours  in  the  furnace.  At  the 
Pairot  Works,  Butte,  Montana,  whilst  the  author  was  there,  ten  tons 
of  ore  containing  35  per  cent,  of  sulphur  were  roasted  down  to  7  per 
cent,  in  one  of  these  calciners  in  twenty-four  hours,  with  two  men  on 
each  twelve  hour  shift,  and  with  the  consumption  of  two  and  a 
quarter  cords  of  wood.  On  the  average  *  this  furnace  calcines  13  tons 
of  cupriferous  pyrites  in  24  hours  from  40  per  cent,  down  to  7  to  8 
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per  cent,  of  sulphur  with  a  fuel  consumption  equal  to  2  tons  of  coal, 
and  the  attendance  of  2  men  per  twelve  hour  shift. 

At  the  works  at  Oker,  a  furnace,  52  feet  6  inches  long  and  11  feet 
wide,  calcined  four  tons  of  copper  ore  from  20  per  cent,  down  to  8 
per  cent,  of  sulphur  with  a  coal  consumption  of  30  per  cent,  of  the 
weight  of  the  ore.  Observations  on  the  degree  of  calcination  of 
%'arioas  kinds  of  ore  in  these  furnaces  have  been  recorded  by  Peters, 
Talbot  and  Ames,  as  shown  in  the  subjoined  table : — 
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oxide. 


3-65 
2-27 

7-30 
12-80 


Ab  sul- 
phate. 


3-26 
310 

3*44 
2-80 


Ab  sul- 
phide. 


Total. 


1-65 
2-80 

6-80 
210 


8*55 
8-17 

17-34 
17-70 
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6-41 
11-30 

8-20 
4-60 
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12 

18 
24 
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Character  of 
the  ore. 


Pyritic  ore. 

Bomite  with 
p  vrites  and 
blende. 


'  Peters,  op.  cif.  p.  193. 
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The  loss  of  weight  qccasioned  by  the  removal  of  sulphur  is  in 
part  counterbalanced  by  the  tmnsformation  of  sulphides  into  oxides 
and  sulphates. 

CALCINATION   IN   FIXED  HEVERBERATOHY  FURNACES   BY  THE    AID   OF 

MACHINERY 

Among  these  furnaces  may  be  cited  that  of  O'Harra  improved  by 
Allen-Brown,  the  Hixon  furnace,  the  Keller-Gaylord-Cole  furnace, 
the  Ropp  furnace,  the  Spence  furnace,  the  Wethey  furnace,  the 
Parkes  furnace,  Pearce's  Turret  furnace  and  Brown's  Horseshoe 
furnace.  The  Stetefeldt  furnace,  a  reverberatory  shaft  furnace,  into 
which  the  ore  is  mechanically  fed,  and  then  falls  freely  through  the 
shaft,  has  given  excellent  results  in  the  chloridising  roasting  of 
silver  ores,  but  has  not  yet  been  applied  to  the  calcination  of  copper 
ores. 

The  O'ffarra  furnace  has  the  largest  capacity  of  any  reverberatory 
furnace  at  present  in  use,  as  it  can  calcine  some  thirty  tons  of  copper 
ore  in  twenty-four  hours. 

It  consists  of  a  reverberatory  furnace  with  two  hearths,  one  above 
the  other,  over  which  rabbles  fixed  a  certain  distance  apart  are 
dragged  by  means  of  two  endless  chains.  These  rabbles  not  only 
turn  the  ore  over,  but  drag  it  slowly  forward  and  discharge  it  at  the 
bottom  of  the  lower  hearth.  The  wheels  round  which  the  endless 
chains  pass  are  outside  the  furnace.  The  rabbles  are  in  the  shape 
of  a  ploughshare,  made  of  iron  plate,  and  each  set  covers  one  half  the 
width  of  the  hearth.  To  allow  them  to  pass  over  both  hearths  the 
latter  are  closed  at  their  ends  by  means  of  hinged  doors  of  sheet 
iron,  which  open  to  allow  the  rabbles  to  pass  and  then  close  again. 
Firing  takes  place  from  fireplaces  set  along  the  longer  sides  of  the 
hearths ;  in  the  larger  furnaces  there  are  eight,  four  for  each  of  the 
upper  and  lower  hearths.  The  chimney  flues  are  also  lateral.  Air 
is  admitted  through  openings  at  the  sides  that  can  be  closed  as 
required.  In  the  older  form  of  O'Harra  furnace,  shown  in  Fig.  52, 
an  endless  chain  ran  over  two  hearths  placed  one  above  the  other. 
When  work  was  stopped  the  chains  dropped  into  a  longitudinal 
gutter  in  each  hearth  so  as  to  protect  it.  Owing  to  the  contact  of 
the  chain  with,  and  its  friction  against,  the  glowing  sulphides  rapid 
destruction  of  the  chain  and  a  correspondingly  high  working  cost 
obtained,  whilst  the  hearth  suflered  to  such  an  extent  that  it  did  not 
last  over  18  months.  In  the  modern  improved  furnaces  of  Brown- 
Allen,  as  built  by  Fraser  and  Chalmers,  of  Chicago,  the  chains  do  not 
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pass  over  the  hearth,  but  in  longitudinal  channels  on  either  side  of 
it ;  rails  are  laid  in  these  channels,  upon  which  run  small  carriages 
connected  with  the  chains.  These  channels  have  a  longitudinal  slot 
in  the  inner  wall  that  is  nearest  the  hearth ;  through  this  slot  pass 


iron  bflrs  which  are  connected  with  the  carriages,  and  which  carry  the 
plough-like  rabbles  at  their  other  end,  the  slot  allowing  these  rabbles 
to  be  carried  along.  There  are  6  rabbles  to  each  hearth,  covering 
one-half  the  width  of  the  hearth,  an<l  each  rabble  completes  a 
revolution  every  Sf  minutes. 
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The  construction  of  the  O'Harra-Brown- Allen  furnace,  as  seen  in 
operation  by  the  author  at  Butte,  Montana,  and  at  Argo,  Colorado, 
is  shown  in  Figs.  53  to  59.  Fig.  53  shows  the  channels  on  either  sido 
of  the  hearth,  the  carriages  in  them,  and  the  rabbles  connected  with 
the  carriages.  It  also  shows  how  the  admission  of  air  is  provided  for 
by  means  of  openings  in  the  long  side  walls  of  the  furnace,  through 
which  the  air  enters  the  channels  and  passes,  through  the  slots  in 
these,  to  the  ore  upon  the  hearth. 

Fig.  58  shows  the  path  of  the  ore  through  the  furnace;  it  is 
charged  automatically  at  ^  on  to  the  upper  hearth,  falls  at  the 
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opposite  end  of  this  hearth  through  a  slot  on  to  the  lower  hearth,  and 
is  discharged  either  through  a  slot  at  B  or  through  an  opening  at  the 
end  of  the  lower  hearth  into  a  waggon.  The  fireplaces  are  shown  in 
Figs.  55,  56,  58  and  59.  The  gases  evolved  pass  downwards  from 
the  hearth  into  a  dust-chamber  and  thence  to  the  stack.  Fig.  57 
shows  an  external  elevation  of  the  furnace.  At  the  Butte  and 
Montana  Works,  Butte,  Montana,  which  the  author  visited,  an 
O'Harra  furnace,  in  which  the  chains  travel  on  the  hearths,  having 
hearths  96  feet  long  and  16  feet  wide  in  the  clear,  on  which  the  ore 
formed  a  layer  4  inches  deep,  with  four  fireplaces  each  for  the  upper 
and  lower  hearths,  calcined  in  twenty-fours  25  tons  of  ore  from  30 
per  cent,  down  to  7  per  cent,  of  sulphur,  with  a  consumption  of -2 
tons  of  coals  exclusive  of  that  used  to  generate  the  power. 
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At  the  works  of  the  Montana  Ore  Purchasing  Company  and  of 
the  Butte  and  Boston  Mining  Company  in  Montana  the  hearths  are 
JK)  feet  long  and  9  feet  wide.  Each  furnace  treats  in  24  hours  80 
tons  of  moderately  coarse  ore,  of  the  following  average  composition: — 

Copper 12*2  per  cent. 

Iron 31-9 

Sulphur 41-2 

Silica 10-6 

Silver 0012 


it 

» 


The  sulphur  is  brought  down  to  7-8  per  cent.  The  fuel 
consumption  is  3*2  cords  of  wood  ;  two  men  attend  to  the  calcination 
in  eight  furnaces,  and  one  labourer  is  required  for  firing  each  pair  of 
furnaces ;  the  power  consumption  for  working  the  rabbles  is  2  h.p. 
per  furnace. 

The  total  first  cost  of  a  furnace,  including  foundations,  amounts  to 
$6,000  in  Butte.i 

The  O'Harra  furnace  is  expensive  in  first  cost,  but  presents  th© 
advantages  of  good  calcination,  large  capacity,  low  fuel  consumption, 
and  very  low  cost  of  labour.  The  drawbacks  are  high  costs  for 
repairs  owing  to  the  wear  of  the  ironwork  which  is  e^cposed  to  the 
heat,  the  cooling  of  the  extremities  of  the  hearths  when  the  movable 
doors  are  opened,  and  imperfect  draught  owing  to  the  latter  cause. 
The  furnace  is  in  use  in  the  United  States. 

The  Hixan  furnace  ^  represents  an  improvement  on  the  O'Harra 
furnace.  It  is  so  connected  with  a  reverberatory  melting  furnace  as 
to  be  heated  by  the  waste  heat  of  the  latter,  whilst  the  calcined  ore 
can  be  introduced  into  the  melting  furnace  whilst  still  hot.  In 
order  to  prevent  wear  of  the  ironwork,  there  are  two  cast-iron 
pipes  below  each  hearth  as  shown  in  Fig  60,^  in  which  run  wheels 
canying  the  frames  to  which  the  rabbles  are  attached,  motion  being 
produced  by  means  of  wire  ropes  travelling  in  the  above-mentioned 
pipes.  In  the  upper  part  of  these  pipes  (a)  there  is  a  longitudinal 
slot,  through  which  the  frames  carrying  the  rabbles  pass,  so  as  to 
enable  the  latter  to  move  along  the  hearth.  In  order  to  keep  the 
extremities  of  the  hearth  from  being  cooled  and  to  prevent  the 
draught  from  being  checked  the  rabbles  no  longer  pass  over  both 
hearths,  but  move  backwards  and  forwards  along  each  hearth  and 
thus  remain  continually  within  the  furnace.     Details  of  the  frame 

'  Peters,  op.  cit.  p.  203. 
'  *  NGt€9  an  Lead  and  Copper  Smelting,  by  Hiram  W.  Hixon.     New  York  and 
Lcmdon,  1897,  p.  58.  '  Hixon,  op.  cit.  p.  62. 
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carrying  the  rabblea,  of  the  rabble-blades  themselves  and  their 
position  are  shown  in  Figs.  61  and  62.^  In  the  forward  stroke  the 
blades  are  brought  into  the  position  x  by  means  of  the  pnll  of  the 


rope  on  a  bell-crank  lever,  and  thus  come  in  contact  with  the  ore, 
whilst  in  the  backward  stroke  they  assume  the  position  p,  in  which 
they  are  above  the  layer  of  ore.  This  action  of  the  rabbles  advances 
the  ore  along  the  upper  hearth  and  finally  drops  it  through  a  slot 
into  the  lower  hearth  along  which  the  rabbles  move  it  in  the  opposite 


direction.  The  lower  hearth  is  prolonged  above  the  melting  ftimace, 
so  that  the  hot  calcined  ore  is  delivered  at  the  end  of  the  former  into 
the  charging  hopper  of  the  latter.  The  cast-iron  pipes  being  open 
at  both  ends,  the  air-current  passing  through  them  cools  the  iron- 
work inside  and  then  comes  in  contact  with  the  ore. 
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The  connection  between  the  calcining  furnace  and  the  melting 
furnace  is  shown  in  Figs.  63  and  64.^     The  waste  heat  from  the 

*  Hixon,  op.  cU.  pp.  60,  61. 
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reverberatory  furnace  a,  can  be  caused  to  travel  by  mei 
eitber  over  the  bearths  or  direct  to  the  main  flue  H. 


a  of  dampers 
\.s  shown  in 


Fig.  64  the  mutto  produced   in  the   reverberatory  furnaces  can  be 
tapped  into  ladles  and  poured  from  these  direct  into  the  converter. 
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The  author  has  iiu  informatiou  as  to  tho  u^e  or  rcijults  of  tht^ 
Hixoii  furnace. 

The  Keller-Gaylord-Cole  Furnaee} — This  is  aa  iiuproveiuent  oil 
the  Spunce  furnace,  and  consists,  as  shown  in  Fig.  05,  of  a  multiple 
deck  roasting  furnace,  built  in  two  exactly  similar  halves,  between 
which  the  machinery  driving  the  rabble  arms  of  both  sides  is 
situated.  Each  block  contains  five  hearths  and  a  drying  hearth 
above  the  uppermost  one.  The  rabble  arms  pass  through  parallel 
slots  in  the  lunger  side  of  corresponding  pairs  of  hearths  lying  at  the 


same  level  and  furnished  with  two  sets  of  alternately  disposed 
ploughs  placed  at  angles  of  180"  to  each  other.  These  can  be 
turned  through  90°,  so  that  either  the  lower  ploughs  are  in  the 
powdered  ore,  whilst  the  upper  ones  project  into  the  air,  or  else 
both  sets  lie  horizontally  and  are  thus  maintained  completely  out  of 
contact  with  the  ore.  As  the  revolution  of  the  ploughs  is  always  in 
the  same  direction,  and  as  these  are  set  alternately  on  the  arms,  all 
the  ore  lying  on  each  hearth  is  stirred  up  and  nio\'ed  along.  The 
rabbles  on   each   hearth   are   moved   forwards  and  backwards,  the 

'  Peturs,  oil.  cil.  p.  214. 
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ploughs  entering  the  ore  on  the  forward  stroke,  whilst  on  the  back- 
ward stroke  they  lie  horizontally  above  the  ore,  since  they  have  been 
turned  through  90'.  The  raw  ore  is  fed  by  fluted  rollers  to  the 
upper  end  of  the  furnace,  and  passes  over  hearth  after  hearth  until 
it  is  discharged  in  a  calcined  condition  into  a  car  standing  below 
the  bottom  hearth.  The  rabble  arms  are  attached  to  carriage 
frames,  and  are  driven  by  wire  ropes  passing  over  pulleys  and  a 
large  driving-wheel,  on  the  shaft  of  which  is  keyed  a  pinion  that 
engages  in  a  rack  actuated  by  a  hydraulic  piston  (Figs.  66,  67). 
The  slots  through  which  the  rabble  arms  pass  are  closed  by  steel 
tapes,  which  are  wound  and  unwound  alternately  on  horizontal 
pulleys  placed  at  the  end  of  each  hearth ;  the  tapes  are  kept  taut  by 
springs  (Figs.  65.  67,  68). 

The  individual  hearths  are  three  feet  apart  vertically.  The 
masonry  walls  absorb  a  considerable  amount  of  heat,  the  radiation  of 
which  effects  considerable  fuel  economies.  Each  block  of  hearths 
has  a  fireplace,  4  feet  long  and  2  feet  6  inches  wide  ;  the  flame  from 
this  only  traverses  the  top  hearth  in  order  to  bring  the  ore  lying 
upon  it  to  the  igniting  point.  Calcination  on  the  lower  hearths  is 
effected  without  fuel,  reducing  the  sulphur  contents  down  to  8-10 
per  cent,  in  the  calcined  ore. 

According  to  Keller,^  the  ores  treated  at  the  Parrot  Works  at 
Butte,  Montana,  have  the  following  composition : — 


Copper 
Iron 
Silica  . 
Sulphur 
Silver . 


9*8      per  cent. 
33-8 
13-3 
41-2 

0027        „         (8  ounces  to  the  ton). 
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In  24  hours  45  tons  of  such  ore  are  calcined  down  to  8-10  per 
cenfc.  of  sulphur,  with  a  consumption  of  \  ton  of  coal  containing 
18  per  cent,  of  ash.  One  man  has  charge  of  three  furnaces  per 
12  hour  shift,  his  duties  being  to  attend  to  the  machinery  and 
to  fire  the  furnaces  (the  cost  of  conveying  the  ore  to  the  fluted 
rollers  and  of  removing  the  calcined  ore  is  not  indicated).  The 
power  required  amounts  to  2  h.p.  per  furnace.  The  cost  of  repairs, 
upon  which  Peters  cannot  express  a  definite  opinion,  amounts, 
according  to  Keller,^  to  278  cents  per  ton  of  ore. 

The  first  cost  of  such  a  furnace  in  Butte  amounts  to  $10,000,  and 

*  Peten,  op.  cU,  p.  216.  «  Peters,  op.  cil.  p.  217. 
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the  total  cost  of  roasting  one  ton  of  raw  ore  in  Butte  is  given  as 
205  cents. 

The  author  haij  no  further  information  concemiag  this  furnace, 
the  main  difficulty  of  which  should  be  the  repair  of  the  ironwork. 

The  Ropp  Furnace. — This  consists  of  a  long  furnace  with  a  single 
rectangular  hearth,  upon  which  four  rabbles  work  at  fixed  distances 
from  each  other.  Each  rabble  is  attached  by  a  vertical  arm  to  a 
four-wheeled  carriage,  which  runs  in  a  channel  under  the  longitudinal 
axis  of  the  hearth,  and  which  is  connected  with  the  hearth  by  a 
corresponding  longitudinal  slot  (Figs.  69,  70).  The  channel  is  Itwge 
enough  readily  to  admit  a  man  for  the  purpose  of  repairs.  The 
rabble  arms  are  so  arranged  that  each  half  is  independent  of  the 


other,  and  that  the  ploughs,  which  are  scb  at  an  angle  of  45°  to  the 
arms,  stir  the  ore  up  suitably.  The  carriages  are  moved  by  means 
of  an  endless  wire  rope  driven  by  power ;  the  rope  passes  over  two 
horizontal  pulleys  at  the  ends  of  the  furnace,  and  thus  leads  the 
carriages  (on  their  leaving  the  end  of  the  channel)  on  to  a  pair  of 
rails  parallel  to  the  length  of  the  furnace,  by  which  means  they  are 
brought  back  to  the  farther  end  of  the  channel  (Fig.  70).  The 
rabbles  attached  to  the  carriages  thus  traverse  a  considerable 
distance  outside  the  furnace,  and  are  thereby  cooled  off  sufficiently 
not  to  be  injured  by  the  heat  when  they  re-enter  the  furnace.  The 
number  of  fireplaces  is  three  or  four,  according  to  the  nature  of  the 
fuel,  and  these  are  disposed  along  the  free  long  side  of  the  hearth 
(Fig.  69).  The  ore  is  fed  in  mechanically  at  one  end,  carried  forward 
by  the  rabbles,  and  discharged  into  cars  at  the  opposite  end.     The 
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flames  traverse  the  furnace  in  the  opposite  directrOnto  the  ore,  and 
escape  through  a  flue  to  the  stack.  The  furnace  is  closed  by  hinged 
doors  at  either  end,  and  has  working  doors  along  both  the  longer 
sides.  The  length  of  the  hearth  in  the  clear  is  150  feet  and  its  width 
14  feet,  whilst  smaller  ones  have  hearths  100  or  105  feet  long  and 
14  or  11  feet  wide. 

The  furnace  is  employed  for  calcining  zinc  and  lead  ores  in 
Australia,  and  auriferous  and  cupriferous  pyrites  in  the  United 
States  of  America. 

The  power  consumption  in  the  larger  furnaces  is  5-8  h.p.,  in 
the  smaller  4-5  h.p. ;  a  complete  round  trip  of  a  rabble  car  takes 
5  minutes  in  the  former,  and  3^  minutes  in  the  latter.  The  ore 
remains  6-8  hours  in  the  furnace.  The  larger  furnace  calcines 
70  tons  of  cupriferous  pjrrites,  the  smaller  50  tons  in  24  hours. 
The  coal  consumption  is  t^^-tV  ^^  P^r  ton  of  ore;  labour 
amounts  to  ^-|  man  per  shift  per  furnace. 

The  Spejice  Furnace, — This  furnace  differs  from  the  type  described 
on  p.  67  only  in  that  it  is  furnished  with  a  fireplace.  According  to 
Peters,^  such  a  furnace,  improved  by  Hammond,  with  four  hearths,  is 
used  at  the  Great  Treadwell  Mill,  Douglas  Island,  Alaska,  for 
the  calcination  of  auriferous  concentrates  for  treatment  by  the 
Plattner  chlorination  process.  Six  double  furnaces  dead-roast 
18-20  tons  of  concentrates  in  24  hours,  with  a  consumption  of 
about  \  cord  of  wood  per  ton  of  ore ;  two  men  per  shift  attend  to  the 
six  double  furnaces.  The  iron  rakes  only  last  six  months  when  salt 
is  used  in  roasting,  and  two  years  when  it  is  not. 

The  Wethey  fximcLoe  is  similar  to  that  of  Keller  and  Qaylord,  and 
iis  shown  as  a  double  furnace  in  Fig.  71,  and  as  a  single  one  in 
Fig.  72. 

It  consists  of  four  hearths  above  each  other,  traversed  by  mechani- 
cally-driven rabbles ;  these  are  attached  to  an  endless  chain,  which 
traverses  a  pair  of  hearths  above  each  other ;  the  upper  pair  of 
hearths  and  the  lower  pair  have  each  respectively  one  chain  in 
common.  The  double  furnace  (Fig.  71)  is  built  within  an  iron  frame- 
work. The  hearths  are  furnished  with  slots  in  the  longer  sides 
facing  each  other,  through  which  passes  a  cross-bar  /,  which 
actuates  the  rabbles  in  the  two  hearths  lying  at  the  same  level.  This 
cross-bar  is  supported  on  wheels  running  on  rails,  and  is  moved  by 
an  endless  chain.  The  rabbles  gradually  push  forward  the  ore  lying 
on  the  upper  hearth,  until  it  drops  through  a  slot  at  the  end  of  the 
hearth  on  to  the  next  lower  one.     The  rabbles  then  pass  out  of  the 

>  Op,  cit.  p.  222. 
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furnace  ihi-uugh  hinged  doora,  and  are  curried  by  the  endless  chaiu 
into  the  hearth  below.  Here  they  again  puah  the  ore  along  gradually 
iu  the  opposite  direction  to  that  which  it  had  on  the  upper  hearth, 
until  it  again  drops  through  a  alot  at  the  end  of  the  second  hearth 


upon  the  next  lower  ones.  Whilst  the  mbbles  attached  to  the  upper 
chain  sysloni  now  return  to  the  topmost  hearth,  those  attached  tu 
the  lower  chain  move  the  ore  over  the  two  lower  hearths,  and  finally 
discharge  it  at  the  end  of  the  lowest  one.  The  slot  through  which 
the  cross-bar  j  passes  ia  closed  by  a  series  of  little  hinged  doors, 
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which  are  successively  raised  by  the  bar.  lu  the  figure  the  fireplace 
is  shown  at  the  level  of  the  second  hearth  from  the  top,  and  the 
flame  travels  in  the  opposite  direction  to  the  ore.  In  the  most 
modem  furnaces,  and  for  ores  rich  in  sulphur,  the  fireplace  is  set 
level  with  the  uppermost 
hearth  which  the  flame 
traverses  in  the  same  direc- 
tion as  the  ore ;  this  arrange- 
ment is  suitable  for  copper 
ores  that  have  only  to  be 
roasted  to  a  certain  point. 
For  dead-roasting  or  for 
roasting  down  to  a  very  low 
percentage  of  sulphur,  it  is 
better  to  have  one  fire- 
place opposite  the  bottom 
hearth,  and  another  on  a 
level  with  the  second  from 
the  top,  and  to  cause  the 
flame  to  travel  in  the  op- 
posite direction  to  the  ore. 
The  flames  from  the  lower 
fireplace  are  allowed  to 
traverse  oidy  the  two  lower 
hearths,  and  those  from  the 
upper  fireplace  the  two 
upper  hearths,  each  pair 
having  separate  flues. 
The  furnace  at  the  Butte 
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Reduction     Works,     Butte 

City,  Montana,  has  4  hearths, 

50  feet  long  and  5  feet  wide, 

with  4  fireplaces  3  feet  2 

inches  by  2  feet  9  inches. 

The    time    occupied   by   a 

complete  trip   of  a   rabble 

through  a   pair  of  hearths 

amounts  to   185   seconds.     The  ore  that  is  treated   is   a  mixture 

of  iron  and  copjier  pyrites  with  zinc  blendes,  containing  10  per  cent. 

silica,  35  per  cent,  iron,  10  per  cent,  copper,  5  per  cent,  zinc,  and 

40  per  cent,  sulphur.     It  forms  a  layer  4  inches  deep  on  the  upper 

hearth,  and  remains  in  the  furnace  for  8-10  hours.     In  24  hours 
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45  tons  of  this  ore  are  roasted  down  to  &  per  cent,  of  sulphur,  with 
a  consumption  of  coal  equal  to  11  per  cent,  of  the  weight  of  the 
raw  ore,  and  the  labour  of  one  man  per  shift. 

The  furnace  shown  in  Fig.  72  with  only  a  single  block  of 
4  hearths,  lying  one  above  the  other,  has  slots  along  both  of  its 
longer  sides  through  which  the  ends  of  the  rabble  arms  project. 
These  ends  are  carried  on  carriages  running  on  rails,  and  this 
arrangement  allows  the  hearth  to  be  built  10-12  feet  wide.  The 
furnace  absorbs  2  h.p. 

Parkes's  Furnace. — This  is  a  reverberatory  furnace,  with  two 
circular  hearths  lying  one  above  the  other ;  a  vertical  iron  shaft 
traverses  the  furnace,  carrying  arms  to  which  rabbles  are  attached, 
which  stir  up  the  ore  lying  on  the  hearths  when  the  shaft  revolves. 
Fig.  73  shows  the  construction  of  an  older  form  of  Parkes's  furnace  ; 
in  it  a  is  the  lower  hearth,  12  feet  6  inches  in  diameter,  b  the  upper 
hearth,  n  the  fireplace,  4  feet  square,  o  the  firebridge,  m  the  vertical 
shaft,  with  its  rabbles  for  each  hearth  ;  k  k  are  the  working  doors 
for  the  respective  hearths.  The  ore  can  be  dropped  through  a 
passage  from  the  upper  to  the  lower  hearth.  The  products  of 
combustion  pass  through  a  flue  from  the  lower  to  the  upper  hearth, 
thence  by  the  flue  q  to  the  stack  r.  Instead  of  the  two  hearths  a 
single  hearth  has  been  used,  with  hollow  rabbles  through  which  air 
is  forced  by  means  of  a  fan.  At  Eitorf,  in  such  a  furnace,  10  feet  in 
diameter,  4-5  tons  of  ore  were  roasted  in  24  hours. 

The  capacity  of  these  furnaces  is  inferior  to  that  of  those  just 
described  and  of  those  with  revolving  cylinders  ;  they  are  accordingly 
only  used  when  an  extremely  careful  calcination  is  required,  e.g,,  for 
the  Ziervogel  process  at  Mansfeld. 

The  Pearce  Furnace, — This  furnace  has  an  annular  hearth,  the 
two  ends  of  which  do  not  quite  meet.  The  one  is  fed  in  at  one 
end,  and  gradually  advanced  towards  the  other  end,  where  it  is  dis- 
charged by  the  rotation  of  two  rabbles  attached  to  a  hub  which 
revolves  on  a  vertical  shaft  standing  in  the  centre  of  the  circular 
space  surrounded  by  the  annular  hearth.  The  two  hollow  rabble- 
arms,  which  are  cooled  by  a  stream  of  cold  air  passing  through  them, 
project  into  the  hearth  through  a  slot  in  the  inner  wall  of  the 
furnace ;  the  slot  is  closed  by  an  endless  steel  band  which  revolves 
with  the  arms  and  is  so  pressed  against  the  furnace  walls  that  all 
cold  air  is  excluded.  Fireplaces,  two  or  three  in  number,  are  built  on 
the  outer  side  of  the  furnace.  The  greater  portion  of  the  air 
necessary  for  oxidation  finds  its  way  into  the  hearth  through  the 
grates  of  these  fireplaces,  the  remainder  being  introduced  through 


COPPER  93 

the  hollow  rabble-arms.  This  airangement  keeps  the  ironwork 
cool,  and  at  the  same  time  prevents  the  external  air  from  finding  its 
way  in  at  other  parts  of  the  furnace.  The  width  of  tbe  hearth  is 
from  6  to  7  feet,  the  diameter  of  the  inner  space  is  20  feet,  and  of  the 
furnace  over  all  36  feet  6  inches.   The  fireplaces  project  6  feet  beyond 


the  latter  line.  The  entire  furnace  can  be  contained  in  a  rectangle 
42  feet  by  36  feet. 

The  upper  portion  of  the  inner  wall  is  hung  from  strong  beams, 
one  end  of  which  is  carried  by  the  central  vertical  column  and  the 
other  by  the  outer  furnace  walls.  The  furnace  is  braced  by  circular 
iron  bands  round  the  outside  and  by  radial  beams  extending  from 
the  central  column  to  the  inner  wall. 

The  ore  traverses  the  furnace  from  end  to  end  in  6  hours,  and 
is  during  this  time  stirred  540  times,  or    once    every  40  Eccond 
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Of  course  this  period  can  be  modified  to  suit  the  nature  of  the 
ores.  The  circumstance  that  the  ore  lying  at  the  outer  edge  of  the 
hearth  has  a  longer  distance  to  travel  than  that  along  the  inner  edge 
does  not  seem  to  impair  the  uniformity  of  the  calcination.  The 
ploughs  increase  in  length  towards  the  outer  circumference,  so  that 


Fio.  74. 


they  can  move  the  ore  a  greater  distance  in  proportion  to  the 
increased  path  which  it  has  to  travel.  The  ploughs  are  made  of 
J-inch  steel  plates,  and  last  six  weeks  on  pyritic  ore  containing 
44  per  cent,  of  sulphur.  The  rabble-arms  are  of  5-inch  pipe,  and 
last  a  year  on  the  same  ore.  When  the  ploughs  have  to  be  renewed, 
the  entire  rabble-arm  is  uncoupled  from  the  portion  outside  the 
slot,  and  withdrawn  through  a  door  in  the  outer  wall,  a  fresh  one 
being  immediately  substituted. 
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The  arrangement  of  the  furnace  ia  shown  by  Figa,  74  to  R2.' 
A  is  the  hearth  with  a  wedge-shaped  piece  removed  at  B  for  the 
discharge  of  the  roasted  ore.  Beneath  the  hearth  runs  the  diist- 
ehamber  O,  through  which  the  gases  pass  in  the  opposite  direction 
to  that  which  they  take  on  the  hearth.  D  and  JU  are  the  two  tire- 
places,  from  which  the  flames  pass  over  a  protecting  arch  into  the 
hearth  and  thence  together  with  the  products  of  calcination  through 
a  descending  flue  into  the  dust-chamber.  Figs.  78  and  79  show 
the  slot  in  the  inner  wall,  through  which  the  rabble-arms  ff  (Figs. 
71  and  75)  project.  These  are  attached  to  a  hollow  hub  J  which  is 
carried  on  a  hollow  stationary  central  column.  Through  it  air  is 
conveyed  into  the  hollow  hub  and  thence  through  the  hollow  rabble- 
arms  H.    The  upper  portion  of  the  inner  wall  is  hung  (Figs.  74,  75) 


to  8  iron  I  girder  JC  by  means  of  the  stirrups  k  and  the 
cmsa-beams  Z.  The  rabble-arms  are  braced  by  moans  of  tie-rods 
ff-  They  are  set  in  motion  by  spur  gearing,  the  larger  spur- 
wheel  being  kept  in  its  position  by  Ihe  rollers  in  Fig.  74.  The 
weight  of  the  rabble-arms  and  of  the  spur  gearing  is  taken  by 
conical  rollers  nmning  on  a  circular  track,  so  that  there  is  no  load 
on  the  hub  J.  The  driving  shaft  p  traversing  the  dust-chamber 
C  is  protected  by  means  of  a  5-inch  iron  pipe  P  (Figs.  74,  75). 
The  blast  enters  the  central  column  through  the  blast  pipe  .B,  whence 
it  traverses  the  hollow  hub  J  and  the  tubular  rabble-arms  If;  the 
latter  are  furnished  with  openings  and  short  pipes  (Fig,  76)  through 
which  the  blast  streams  out  into  the  hearth.  It  thus  cools  the 
portions  of  the  rabble-arms  exposed  to  the  heat  and,  on  escaping 
into  the  hearth,  also  the  plough  blades,  and  is  at  the  same  time 
'  Peters,  op-lcii.  p.  206. 
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itself  heated  and  assists  in  effocting  the  oxidation  of  the  ore.  A 
certain  amount  of  air  ia  also  introduced  in  a  heated  state  by 
traversing  passages  in  the  outer  wall.  No  air  is  needed  in  the 
first  part  of  the  hearth  in  which  the  ore  ia  heated  up ;  the  blast 
is  therefore  cut  off  opposite  the  ore  hopiwr  by  moans  of  valves 
(Figs.  74,  75). 

The  ore  is  fed  onto  the  heluth  automatically  from  the  hopper  S 
(Fig.  75),  and  distributed  by  the  stops  e  on  the  rabble-arms.  It  is 
gradually  moved  forward  by  the  rabbles  and  discharged  at  B  into  a 


car.  The  inner  wall  of  the  furnace  is  strutted  with  iron  rails.  The 
slot  in  the  wall  is  closed  by  a  steel  strip  1  foot  high  (Figs.  81  and  82), 
which  moves  with  the  rabble-arms,  and  is  pressed  against  the  edges  of 
the  slot  by  weighted  bell-crank  levers ;  these  levers  are  pivoted  upon 
a  ring  of  angle-Iron,  bolted  to  the  rabble-arms.  The  tireplaces  have 
step-gratea  (Figs.  78  and  79);  the  fuel  (coal  in  Colorado)  is  fed 
by  means  of  hoppers  with  automatic  feed  mechanism.  There  is  a 
curtain  arch  over  the  hearth  clnae  to  the  feed  hopper  in  order  to 
protect  the  raw  ore,  which  is  easily  fusible,  from  the  action  of  the 
hot  flame  (Fig.  79).  There  are  four  rabble-arma,  only  two  of  which  are 
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in  regular  use.  A  stack  over  the  discharge  vault  serves  to  carry  off 
any  injurious  fumes.  About  2  h.p.  are  required  to  drive  the  rabbles 
and  to  supply  the  blast. 

Double-deck  furnaces  have  also  been  built  by  the  Colorado 
Smelting  and  Mining  Conipany  of  Butte,  which  have  given  excellent 
results,  especially  as  regards  economy  of  fuel.  In  such  furnaces  the 
rabble-anus  have  been  water-cooled,  when  the  whole  of  the  air 
required  for  oxidation  must  be  blown  in  through  the  fireplaces. 
Drawings  of  such  a  fiirnace  will  be  found  in  The  Mineral  Industry 
for  1896,  p.  267. 

Pearce  furnaces  (turret  furnaces)  are  in  use  in  Denver,  Pueblo 
and  Butte  in  the  United  States. 

The  furnace  requires  one  attendant  per  12  hour  shift.  It  can 
treat  in  24  hours  16  tons  of  pyrites  concentrates,  crushed  to  pass 
a  two-mesh  (9  mm.)  screen,  bringing  the  sulphur  down  from  43  per 
cent,  to  6 — 7  per  cent,  with  a  consumption  of  2  J  tons  of  coals. 

In  calcining  copper  ore  concentrates  containing  zinc,  from  the 
Gagnon  Mine,  Butte,  having  the  following  average  composition : 

Silica 182  per  cent. 

Iron 20-3 

Zinc 14-85 

Copper 11-29     „ 

Sulphur 31-53     „ 

96-17     „ 

down  to  6 — 7  per  cent,  of  sulphur,  the  amount  of  ore  put  through 
in  24  hours  amounted  to  1 5  tons. 

By  the  use  of  a  two-decked  furnace  at  the  works  of  the  Colorado 
Smelting  and  Mining  Company  of  Butte,  the  output,  according  to 
Williams,^  was  increased  80  to  100  per  cent,  and  the  coal  consump- 
tion only  33  per  cent.,  in  comparison  with  the  single-decked  furnace. 

The  total  working  costs  of  calcining  in  a  Pearce  turret  furnace  are 
given  by  Peters  ^  as  55*65  to  625  cents  per  ton  of  ore.  For  example, 
in  the  case  of  one  ore,  which  was  roasted  from  36  per  cent,  to  47 5 
per  cent,  of  sulphur,  they  amounted  to  : 

Labour 9*73  cents  per  ton. 

Coals 31-95       „ 

Repairs       069      „ 

Power  and  lubricants 7  7  6      „ 

Interest  on  cost  at  6  per  cent.    .     .     .       552      „ 

^-65      „ 

1  Peters,  op,  cU.  p.  208.  «  Ibid,  pp.  211,  112. 
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The  first  cost  of  a  furnace  at  Argo,  near  Denver,  inclusive,  of 
royalties,  is  $5,461 ;  at  Pueblo,  where  the  foundations  were  more 
expensive,  it  was  $6,148. 

The  Pearce  turret  furnace  is  one  of  the  best  calcining  furnaces ; 
in  respect,  however,  of  fuel  consumption,  which  amounts  to  16 — Ih 
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per  cent,  of  the  weight  of  the  raw  ore,  and  figures  as  60  per  cent,  of 
the  whole  working  costs,  it  should  still  be  capable  of  improvement. 

The  Brown  horseshoe  furnace  has  been  used  successfully  hitherto 
for  calcining  zinc  blende,  lead-copper  matte,  and  pyritic  gold  ores, 
and  should  also  be  suitable  for  roasting  copper  ores.  Like  the  Pearce 
turret  furnace,  it  is  a  circular  furnace  with  a  considerable  gap,  thus 
taking  the  form  of  a  horseshoe,  or  it  may  be  elliptical. 


Its  constnictioD,  as  built  by  Messrs.  Eraser  and  Chalmers,  of 
Chicago,  is  shown  in  Figs.  83  to  89.  Fig,  83  is  a  ground  plan; 
Fig.  84  a  vertical  section  through  the  furnace  proper ;  Fig.  86  a 
vertical  section  through  the  hearth  and  flue;  Fig.  86  a  vertical 
section  through  the  flue  to  the  stack ;  Fig.  87  a  vertical  section 
through  the  fire-grate  and  hearth ;  Fig.  88  a  vertical  section  through 
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the  rear  end  of  the  furnace  where  the  ore  is  discharged  ;  and  Fig.  89 . 
a  vertical  section  through  the  front  or  charging  end. 

As  is  shown  by  the  plan  of  the  furnace,  the  hearth  occupies  about 
four-filUiB  of  the  annular  space,  one-fifth  of  the  latter  lying  between 
the  two  ends  of  the  hearth  ;  this  latter  space  is  left  free  and  serves 
to  cool  the  rabbles  passing  over  it.  On  either  side  of  the  hearth  there 
are  annular  divisions  which  are  connected  with  the  hearth  by  a  broad 
slot.  In  the  division  nearer  to  the  centre  a  rait  is  laid  upon  which 
carriages  run  connected  with  the  rabbles.  In  the  outer  division  a 
path  of  hard  firebrick  tiles  is  laid,  on  which  run  carriages  fitted  with 
broad  wheels,  and  also  connected  with  the  rabbles.  These  carriages, 
and  the  rabbles  attached  to  them,  are  kept  in  motion  by  a  circular 
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endless  wire  rope  running  over  guide  sheaves  and  tension  pulleys  ; 
rope,  aheaves  and  rails  are  cooled  by  air  introduced  through  the 
inner  compartment. 

The  rabbles,  resting  upon  the  above-named  wheels,  two  of  which  are 
alternately  in  action,  push  the  ore  which  is  fed  in  automatically  at  the 
fluebridge  end,  over  the  hearth,  and  discharge  it  at  the  opposite  end. 
Whilst  the  one  rabble  is  traversing  the  furnace,  an  operation  that 
occupies  two  minutes  in  this  3)articular  furnace,  the  other  rabble   is 


at  rest  in  the  open  space  between  the  ends  of  the  furnace,  and  is  there 
cooled.  When  the  former  rabble  issues  from  the  furnace,  it  strikes 
against  the  stationary,  cool  rabble,  and  pushes  the  latter  on  a  little, 
until  an  automatic  clip  upon  it  again  grips  the  rope ;  this  clip  is  self- 
detaching. 

The  furnace  is  closed  at  either  end  by  pairs  of  doors  of  sheet  iron 
hung  on  hinges  which  are  lifted  by  the  motion  of  the  rabbles  and 
then  close  automatically.  These  doors  are  a  short  distance  apart 
(Fig.  88),  and  are  so  arranged  that  one  closes  before  the  other  can  be 
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opened,  so  that  the  admission  of  cold  air  at  the  extremities  of  the 
furnace  is  prevented.  In  the  outer  walls  of  the  furnace  there  are 
peepholes  at  definite  distances  apart,  through  which  the  air  required 
for  oxidation  can  enter  the  hearth. 

There  are  three  or  four  fireplaces  situated  upon  the  outer 
circumference  of  the  hearth ;  the  flames  pass  through  a  short  hori- 
zontal flue,  and  thence  through  an  aperture  in  the  arch  into  the 
hearth  itself  (Fig.  87).  They  there  unite  and  traverse  the  length  of 
the  hearth,  escaping  through  several  flues  close  to  the  charging  end  of 
the  furnace ;  these  flues  lead  into  a  main  flue  which  communicates 
with  the  stack  situated  at  the  centre  of  the  circle  enclosed  by  the 
furnace  (Figs.  83,  85,  86). 

The  power  consumption  of  the  furnace  is  said  to  be  IJ  horse- 
power. 

At  the  works  of  the  Collinsville  Zinc  Co.,  CoUinsville,^  Illinois, 
such  a  furnace  with  four  fireplaces  calcines  in  24  hours  10  tons  of 
blende  with  30  per  cent,  of  sulphur  down  to  085 — 1  per  cent,  of 
sulphur,  with  a  fuel  consumption  equal  to  6  tons  of  refuse  slack ;  on 
account  of  the  inferior  quality  of  the  coal,  the  above  figure  is  no 
criterion  of  the  real  consumption.  The  consolidated  Kansas  City 
Smelting  and  Refining  Company,  Kansas  City,  calcine  in  24  hours 
18  tons  of  matte  containing  10 — 20  per  cent,  lead  and  25—35  per 
cent,  copper  with  a  consumption  of  3 J — 3f  tons  slack  coal. 

The  construction  of  an  elliptical  Horseshoe  furnace,^  as  used  at 
the  Golden  Reward  Works,  Deadwood,  S.  Dakota,  for  the  chloridising 
roasting  of  gold  ores,  is  shown  in  Figs.  90 — 93.  The  hearth  is  180 
feet  and  the  cooling  space  78  feet  long,  and  8  feet  wide.  The  fire- 
places are  built  along  the  inner  circumference  of  the  furnace.  It 
calcines  in  24  hours  300  tons  of  gold  ores  with  25 — 8  per  cent, 
sulphur  down  to  0*3  per  cent. ;  the  fuel  consumption  is  not  given. 

More  recently  Mr.  Brown  ^  has  built  his  furnace  also  straight- 
lined  and  elliptical  in  plan. 

CALCINATION  IN  REVERBERATORY  FURNACES  WITH  MOVABLE  BED 

Calcining  furnaces  with  movable  beds  or  hearths,  and  fixed  or 
movable  rabbles,  are  but  rarely  used  for  calcining  copper  ores  on 
account  of  their  relatively  small  capacities.  Brunton's  calciner  *  is 
used  for  the  roasting  of  tin  ores  containing  arsenical  pyrites,  that  of 

*  Peters,  op.  cit.  p.  220.  ^  ^r^^  Mineral  Industry,  1896,  vol.  v.  p.  271. 

'  H.  P.  Brown,   "Mechanical  Roasting  of  Ores,"  Tram.  Fed.  ImL  Min.  Bug. 
vol  xi.  p.  369.  *  Allgemeine  Huttenkunde,  p.  432 
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Gibbs  and  Gelstharp  ^  for  the  chloridising  roasting  of  cupriferous 
pyrites  residues. 

^  Aflgemeine  Huitenkujule,  p.  433. 
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Peters  ^  describes  the  Blake  furnace  as  an  improved  BruntoD 
furnace  which  is  in  use  at  Shullsbury,  Wisconsin,  for  the  calcination  of 
ptTitiferous  zinc  blende.  It  consists  of  a  horizontal  revolving  hearth, 
16  feet  in  diameter,  which  makes  10  revolutions  per  minute.  A  lixed 
rabble  pushes  the  ore  from  the  centre  to  the  circumference  of  the 
hearth.      The  air  used  for  oxidation  is  preheated  in  regenerators. 


Section  cm  K-F 


In  calcining  the  pyrites  in  a  mixture  of  pyrites  and  zinc  blende  its 
<iuty  is  s^id  to  be  20  tons  in  24  hours. 


CALCINATION    IN   REVERBERATORY   FURNACES   WITH   MOVABLE 
WORKING    CHAMBERS 

Calciners  of  this  class  are  rotating  cylinders  that  work  either 
intermittently  or  continuously.  They  roast  thoroughly  with  a 
moderate  consumption  of  fuel  and  very  low  labour  costs.  The 
fuel  consumption  is  less  the  richer  the  ores  are  in  sulphur. 
They  are  used  to  advantage  in  countries  like  the  United  States 
and  Australia,  where  wages  are  high ;  they  are  also  used  in 
England. 

The  Bruckner  furnace  is  the  typical  intermittently  working  re- 
volving furnace ;  156  of  these  are  employed  at  the  Anaconda  Works, 
Montana,  where  the  author  saw  them  in  operation.  The  construction 
'  Op.  eil.  p.  223,  and  Trann.  A.I.M.E.  vol.  xxi.  p.  943. 
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of  the  furnace  ia  shown  in  Figs.  94  and  95.  ^  is  a  revolving  wrought- 
iron  cylinder,  lined  with  firebrick,  which  is  set  in  motion  by  means 
of  the  wheels  G  and  H.  B  is  the  fire-place,  D  the  flue,  and  C  a  flue 
that  also  serves  as  dtist-chamber.  F  F  are  hoppers,  from  which  the 
chai^  is  dropped  into  the  cylinder  through  the  doors  E  E.  When 
the  calcination  is  finished,  the  ore  is  discharged  through  these  doors 
into  waggons  J  J. 

The  Briickner  cylinders  at  Anaconda,  as  built  by  Messrs.  Fraser 
and  Chalmers,  are  18  feet  6  inches  long  and  8  feet  in  diameter 
inside.  The  cylinders  are  turned  merely  by  the  Iriction  of  the 
carrying  wheels  against  rings  on  the  cylinders,  the  power  required 
being  1 J — 2  h  p.  In  24  hours  each  furnace  will  roast  12  tons  of  copper 
ores  with  38  percent,  of  sulphur  down  to  9  percent.,  with  a  consump- 


tion of  225  cordsof  wood,  which  would  correspond  tol'625  tons  of  coal 
with  10  per  cent,  of  ash.  One  workman  can  attend  to  three  furnaces 
on  each  shift.  At  Anaconda  groups  of  sixty  furnaces  are  built  under 
one  roof  The  Briickner  furnace  is  superior  to  the  hand-worked 
long- bedded  calciner;  according  to  Peters'  the  working  costs  in 
the  former  are  30 — 40  per  cent,  leas  with  the  former  than  with 
the  latter  in  the  United  States  of  America. 

Continuously  working  furnaces  consist  of  inclined  cylinders  of 
cast  or  wrought  iron,  provided  with  automatic  charging  arrangement. 
Ore  is  continually  charged  at  the  higher— the  fluebridge — end  of  the 
furnace,  and  passes  gi-adually  through  the  slowly  revolving  cylinder 
till  it  drops  roasted  from  the  lower  end.  By  means  of  longitudinal 
projections  of  firebrick  in  the  interior  of  the  lining  the  distribution 
'  Op.  cil.  p.  199. 
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of  the  ore,  and  thereby  its  calcinabioQ,  is  facilitated.  Such  furnaces 
have  been  designed  by  White,  Howell,  Hocking  and  Oxland,  and 
have  been  chiefly  employed  in  the  chloridising  roasting  of  silver 
ores.  They  are,  however,  well  suited  for  calcining  copper  ores,  and 
are  characterised  by  thorough  calcination,  low  consumption  of  fuel, 
Bod  especially  low  cost  of  labour. 

The  WkiU  caldner  is  shown  in  Fig.  96 ;  U  is  the  cylinder,  A  the 
ore  feeding  arrangement  that  continuously  delivers  ore  into  G, 
whence  it  finally  drops  out  at  D  into  the  waggon  ff.  The  fireplace 
is  in  the  chamber  £;  the  gases  pass  out  at  the  upper  end  of  the 
cylinder  into  the  diist-chamber  F  and  thence  to  the  stack.  Longi- 
tudinal riba  projecting  from  the  lining  raise  the  powdered  ore  and 
allow  it  to    fall   through  the  heated  gases  as  soon  as  its  angle  of 


repose  is  exceeded ;  the  necessary  amount  of  air  enters  either  through 
the  firing  door  or  through  special  openings.  Different  degrees  of 
inclination,  to  suit  different  ores,  can  be  given  to  the  cylinder. 

The  Hocking-Oxiand  furnace  is  represented  in  Fig,  97.  B  is  the 
cylinder,  A  the  fireplace,  z  the  flue,  /  the  dust-chamber.  The  ore  is 
automatically  fed  into  the  cylinder  through  the  hopper  e,  and  escapes 
through  the  slot  h  at  the  lower  end,  into  the  vault  g.  The  cylinder 
is  driven  hy  a  tangent  screw  gearing  in  a  worm  wheel  that  surrounds 
the  cylinder ;  e  c  arc  friction  wheels.  This  cylinder,  like  the  last,  can 
be  raised  or  lowered  as  required.  Fig.  d8  shows  a  cross  section  of 
the  furnace  showing  the  firebrick  lining  a  and  the  six  projecting 
firebrick  ribs,  hbb. 

The  author  has  seen  these  furnaces  used  for  roasting  copper  ores 
at  the  copper  works  at  Wallaroo,  South  Australia.  The  furnaces  are 
40  feet  long  and  4  feet  in  diameter  inside,  without  the  lining ;  they 
have  eight  rows  of  firebrick  ribs.  They  are  driven  by  worm  gear- 
ing and  are  carried  on  three  sets  of  firiction  rollers.     In  24  hours  a 
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furnace  will  roast   12  tons  of  pyritic  copper  orea  from  25  per  cent. 

down  to  4  per  cent,  of  sulphur,  the  coal  consumption  being  5  per 

cent,  of  the  weight  of  the  raw  ore,  an  equal  amount  being  required 

to  generate  the  necessary  power. 

One  man   attends   to   a   pair  of 

furnaces  on  each  shifl. 

As  is  shown  by  the  above 
figures,  continuous  acting  rotat- 
ing calciners  effect  marked  econ- 
omies over  the  hand-worked 
calciner  with  fixed  bed  when 
wages  and  fuel  are  high. 

CALCINATION    IN    MUFFLE 

FURNACES 
Muffle    furnaces    (^Gr/asso/en) 
are  employed  when  it  is  desired 


to  manufacture  sulphuric  acid 
(or  when  sulphur  fumes  may  not 
be  allowed  to  escape  freely)  from 
ores  which  cannot  be  roasted  in 
shaft  furnaces  because  of  their 
fritting,  melting  or  decrepitating. 
They  have  the  dLsadvantage  as 
compared  with  shaft  furnaces,  that 
they  use  considerably  more  fuel 
and  that  the  ore  must  be  in  a 
state  of  fine  powder.  Compared 
with  reverberatory  furnaces  they 
labour  under  the  disadvantage  of 
smaller  capacity  aud  of  greater  consumption  of  fuel  and  heavier 
outlay  for  labour.  Nevertheless  they  may  be  used  to  great  ad- 
vantage for  ores  of  the  above  character,  when  these  ores   require 
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effectual  calcining  whilst  their  gaseous  products  are  to  be  used  in 
the  manufacture  of  sulphuric  acid. 

Muffle  furnaces  may  be  divided  into  those  with  fixed  and  those 
with  rotating  working-chambera.  Of  the  former  class  the  Hasen- 
clever  furnace,  which  is  used  successfully  at  Oker  for  the  calcination 
of  copper  ores,  is  the  best  known. 

The  Hasenclerer  furnace  consists  of  several  muffles   lying   one 
above  the  other  and  connected  by  vertical  flues,  which  are  heated  by 
means  of  a  fireplace.     The  ores  to  be  roasted  are  charged  through  a 
hopper  into  the  uppermost  muffle,  in  which  it  is  pushed  along  from 
time  to  time  like  the  charge  in  a  fixed-bed  calciner ;  when  it  reaches 
the  end  of  this  muffle  it  is  dropped  through  a  vertical  flue  into  a 
second  one,  along  which  it  also  passes,  to  be  dropped  into  a  third 
muffle,  from  which  it  is  ultimately  withdrawn  through  a   working 
door.    The  flame  travels  the  opposite  way  to  the  ore,  from   below 
upwards,  passing  along  the  floors  and  roofs  of  each  muffle  in  turn. 
The  products  of  calcination  escape  from  the  individual  muffles  through 
apertures  in  the  rear  wall  into  vertical  flues  and  thence  into  a  main 
flue  leading  to  the  sulphuric  acid  works.     More  recently  two  muffles 
have  been  laid  directly  one  on  the  other,  the  flame  passing  under  the 
floor  of  the  lower  and  over  the  roof  of  the  upper  one.     Above  or 
below  this  pair  of  muffles  lies  a  third  that  is  surrounded  by  flame 
above  and  below.     A  pair  of  Hasenclever  furnaces  are  shown  in  Figs. 
99  and  100.     R  is  the  grate  of  one  of  these  furnaces ;  M  M  are  the 
muffles ;  F  F  are  the  flues  for  the  flame  which  passes  in  the  direction 
shown  by  the  arrows ;  A  A  are  the  charging  doors  for  the  ore  ;  ^o  are 
the  working  doors.      The   gases   evolved   during  calcination    pass 
through  the  apertures  a  into  the  vertical  flue  h,  thence  to  the  main 
flue  S  which  leads  to  the  sulphuric  acid  chambers.     Each  furnace  is 
33  to  36  feet  long  and  10  to  13  feet  high  and  wide.     The  Rhenania 
Company  of  Stolberg,  near  Aachen  (general  manager,  Hasenclever), 
undertakes    the   erection   of   these   furnaces   and   will    furnish    all 
details. 

At  the  Oker  Works  a  Hasenclever  furnace  with  3  muffles  will 
roast  in  24  hours  3^  tons  of  lead-bearing  pyritic  copper  ores,  or  4 
tons  of  pyritic  ores  rich  in  copper  containing  respectively  23  per 
cent,  and  37  per  cent,  of  sulphur  down  to  4*7  and  4  per  cent,  of 
sulphur  respectively,  with  a  coal  consumption  equal  to  30  per  cent,  of 
the  weight  of  the  ore  for  the  former  and  27  per  cent,  for  the 
latter  class  of  ores.     E^ch  furnace  requires  two  men  on  each  shift. 

Copper  ores  have  hitherto  not  been  calcined  in  the  muffle  fur- 
naces of  Liebig  and  Eichhom,  nor  in  that  of  Grillo,  although  they 
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would  answer  as  well  for  this  purpose  aa  for  that  of  roasting  zinc 
blende  for  which  they  have  up  to  the  present  been  used 

The  same  ma)  be  said  of  the  seven  stoned  muffle  f  mace  with 
mechanical  rabbles  used  at  the  Hegelen  and  Matthiessen  vorks  at 
La  balle  llhnoH  for  roasting  zinc  blende  All  these  furnaces  are 
descnbed  under  the  head  of  Zinc  in  Vol  II 


The  other  muffle  furnaces  with  fixed  muffles  consume  such  a 
large  amount  of  fuel  that  they  are  not  likely  to  be  applied  to  the 
roasting  of  copper  ores. 

Revolving  muffle  furnaces  Have  not  so  far  found  any  definite 
application  for  calcining  copper  ores.  The  furnace  proposed  for  this 
purpose  is  the  Di-itglas  ftiriuice ;   it  consists  of  an  inchned  rotating 
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cylinder,  in  the  axis  of  which  nina  a  chamber  of  cast-iron  or  fire- 
brick. The  products  of  combustion  traverse  this  chamber  whilst  the 
powdered  ore  is  charged  into  the  space  between  it  and  the  lining  of 
the  cylinder.  As  the  ores  are  heated  by  radiation,  they  are  roasted 
without  coming  into  contact  with  the  products  of  combustion,  and 


the  sulphurous  gases  evolved  can  accordingly  be  used  to  manufacture 
sulphuric  acid.  In  order  to  keep  the  ore  in  movement,  the  space 
between  the  cylinder  and  the  central  chamber  is  divided  into  four  by 
means  of  four  longitudinal  partitions  made  of  firebrick,  traversed  by 
openingfi.  These  partitions  raise  the  ore  which  can  fall  through  the 
openings  from  one  compartment  to  the  other.     The  ores  are  charged 
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automatically  at  the  upper  end  and  are  delivered  at  the  lower 
end  of  the  cylinder.  The  air  current  can  be  regulated  by  means 
of  dampers  and  side  flues,  so  as  to  maintain  a  uniform  temperature. 
The  construction  is  shown  in  Figs.  101  and  102.  S  is  the  in- 
clined rotating  cylinder  driven  by  worm  gearing.  It  is  traversed  by 
the  chamber  B  opening  into  the  fireplace  J).  It  is  connected  to  the 
cylinder  by  means  of  the  partitions  T,  T^,  2'^,  T^,  and  rotates  with  it. 
The  walls  of  the  chamber,  the  partitions  and  the  lining  of  the 
cylinder  are  composed  of  firebrick.  A  is  the  stack  with  which  the 
chamber  B  communicates.  The  ores  are  charged  by  the  hopper  iT-, 
and  fall  from  the  lower  end  of  the  cylinder  into  the  chamber  E.  G 
is  a  branch  flue  that  connects  the  fireplace  with  the  stack  when  it  is 
required  to  cool  down  the  chamber  B ;  to  effect  this  the  damper  c  is 
closed  and  d  and  a  opened.  Cold  air  then  enters  through  the  flue  C, 
traverses  the  chamber  B,  and  passes  from  it  through  G  to  the  stack 
A.  By  closing  the  damper  b  the  heated  gases  from  the  fire-place  are 
cut  off.  By  means  of  an  adjustable  damper,  not  shown  on  the  draw- 
ing, the  admission  of  air  to  the  ore  is  regulated- 
According  to  Peters^  this  furnace  has  given  good  results  in 
roasting  pyrites  for  sulphuric  acid  manufacture;  its  capacity  is  said  to 
be  from  6  to  12  tons  of  such  ore  roasted  in  24  hours  down  to  3  per 
cent,  of  sulphur. 

Smelting  the  Calcined  Ore  for  Matte  in  Shaft  Furnaces 

Calcined  copper  ores  consist  of  a  mixture  of  oxides,  sulphates 
and  undecomposed  sulphides  of  copper  and  iron,  in  which  the  greater 
part  of  the  copper  is  combined  with  sulphur.  Other  frequent 
constituents  are  sulphates,  oxides  and  undecomposed  sulphides  of 
zinc  and  lead,  arsenides  and  antimonides,  arseniates  and  antimoniates, 
together  with  quartz,  silicates,  and  sulphates  of  lime  and  baryta. 

By  smelting  these  ores  with  carbon  and  suitable  fluxes,  the  iron 
is  slagged  off  as  far  as  possible  and  all  the  copper  collected  into 
a  matte  or  regulus.  The  iron  is  slagged  by  the  reduction  of  the 
peroxide  to  protoxide  and  the  combination  of  the  latter  with  silica, 
together  with  the  decomposition  of  sulphide  of  iron  by  oxides  of 
copper  in  the  presence  of  carbon  and  silica.  Oxides  and  silicates  of 
copper  are  thus  transformed  into  sulphide,  whilst  a  corresponding 
quantity  of  iron  appears  as  silicate,  as  shown  in  these  equations  : 

2CuO  +  2FeS  +  SiOg  +  C  =  CugS  +  FeS  +  FeSiOj  +  CO 
4CuO  +  3FeS  +  SiO^  +  2C  =  2Cu,S  +  FeS  +  Fe^SiO,  +  2C0. 

1  Op.  cil.  p.  196.  j 
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A  portion  of  the  oxides  of  copper  is  reduced  to  metal  by  carbon 
and  carbon  monoxide,  the  copper  reducing  some  of  the  sulphide  of 
iron,  either  to  metallic  iron  or  possibly  to  a  subsulphide  : 

2Cu  +  FeS  =  Cu^S  +  Fe  or  2Cu  +2  FeS  =  Cu^S  +  Fe2S. 

As  the  existence  of  subsulphide  of  iron  (FcgS)  has  not  yet  been 
proved,  it  is  better  to  assume  that  the  former  reaction  alone  takes 
place,  the  metallic  iron  being  dissolved  by  the  matte,  the  possibility 
of  which  has  been  proved  with  certainty.  It  is  also  possible  that 
some  of  this  metallic  iron  reduces  ferric  to  ferrous  oxide,  which  is 
then  slagged  oflf,  thus :  Fe^Os  +  Fe  =  3FeO.  Sulphate  of  copper 
is  reduced  to  sulphide.  Besides  the  above  main  reactions,  those 
of  the  English  process,  namely,  the  interaction  of  oxide  of  copper 
with  sulphides  of  copper  and  iron,  occur  to  some  extent  as  secondary 
reactions.  Magnetic  oxide  of  iron  may  also  be  produced  with  an 
excessive  blast  pressure,  and  be  taken  up  by  the  matte.^ 

The  whole  of  the  sulphide  of  copper  present  unites  with  the 
sulphide  of  iron  that  remains  undecomposed  to  form  matte.  As  long 
as  sufficient  sulphide  of  iron  is  present  no  copper  can  pass  into  the 
slag  as  silicate,  because  the  latter  would  be  decomposed  by  sulphide 
of  iron,  forming  sulphide  of  copper  and  silicate  of  iron. 

Oxide  of  zinc  is  partly  reduced  to  metallic  zinc  and  volatilised, 
and  partly  passes  into  the  slag.  Sulphide  of  zinc  goes  partly  into  the 
matte,  but  principally  into  the  slag.  Sulphate  of  zinc  is  partly  split 
up,  leaving  zinc  oxide,  partly  reduced  to  sulphide.  Lead  is  reduced 
from  its  oxide  and  sulphate  to  metal  or  to  sulphide  and  passes  into 
the  matte.  Any  silver  present  in  the  ore  likewise  goes  into  the 
matte. 

Antimoniates  and  arseniates  are  reduced  in  part  to  antimonides 
and  arsenides,  in  part  to  the  metallic  state  and  volatilised ;  in  the 
presence  of  iron  pyrites  some  of  the  arsenic  is  volatilised  from 
arsenides  as  sulphide  of  arsenic.  The  remaining  antimonides  and 
arsenides  pass  into  the  matte  when  they  are  present  in  small 
quantities  only ;  otherwise  they  separate  from  it,  forming  speiss 
{^mse).  Barytes  and  gypsum  are  reduced  to  sulphides,  and  react 
like  sulphide  of  iron  with  the  oxidised  copper  compounds.  Sulphide 
of  barium  may  also  pass  into  the  matte. 

Barj'tes,  sulphide  of  iron  and  silica  interact  at  high  temperatures, 
the  silica  displacing  the  sulphur  trioxide  of  the  first  named,  which, 
splitting  into  sulphur  dioxide  and  oxygen,  oxidises  the  sulphide  of 
iron  forming  ferrous  oxide  and  sulphur  dioxide.     The  double  silicate 

*  Pet^jrs,  op.  cil.  p.  229. 
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of  baryta  and  iron  thus  formed  is  readily  fusible  ;  this  same  silicate  is 
formed  by  the  action  of  silica  and  metallic  iron  upon  barytes. 

Quartz  and  silicates,  which  enter  into  the  constitution  of  the  ores, 
are  slagged  off.  In  oi-der  to  produce  suitable  slags,  when  the  ore  is 
acid,  that  is  to  say,  contains  siliceous  and  clayey  matter,  the  fluxes  io 
be  added  must  be  basic,  and  consist  generally  of  ores  rich  in  iron  and 
lime,  as  also  of  basic  slags  produced  in  smelting  mattes  and  coarse 
copper.  When  the  ores  are  basic,  as  in  the  case  of  ores  rich  in  oxide 
of  iron,  the  fluxes  used  are  siliceous  and  clayey  ores,  acid  slags,  clay 
and  clay  slate.  Ores  that  have  been  too  completely  roasted,  and  which 
would  therefore  produce  coarse  copper,  are  mixed  with  raw  ores,  whilst 
ores  that  have  not  been  roasted  very  much  and  which  would  therefore 
give  a  large  quantity  of  poor  matte,  are  mixed  with  oxidised  or  acid 
ores  and  copper  refinery  slags. 

The  sulphur  contents  of  the  charge  are  so  calculated  as  to  yield 
a  matte  with  between  35  per  cent,  and  50  per  cent,  of  copper.  When 
the  copper  falls  below  35  per  cent.,  the  quantity  of  matte  produced  is 
too  great  and  the  cost  of  its  further  treatment  comes  too  high  ;  when 
it  rises  above  50  per  cent.,  the  slag  is  found  to  be  too  rich  in  copper, 
and  cannot  be  thrown  away.  Moreover,  rich  matte  is  apt  to  set  in 
the  crucible  or  forehearth,  and  thus  gives  rise  to  stoppages. 

The  slag  produced  during  smelting  must  separate  readily  from 
the  matte  so  that  it  may  not  retain  any  particles  (prill)  of  the  latter 
mechanically  intermixed,  nor  may  it  contain  any  copper  chemically 
combined.     Normal  slags  may  be  said  to  be  such  as  are  intermediate 
between  mono-   and  bi-silicates,  and  contain  ferrous   oxide   as  the 
principal  base.     When  the  ores  carry  much  iron  and  zinc,  the  slags 
are  made  more  basic  (mixtures  of  sub-  and  mono-silicates,  or  pure 
mono-silicates),  whilst,  when  they  contain  much  silica,  the  slags  are 
made  more  acid  (bi-silicates   or  mixtures  of  bi-  and  tri-silicates). 
Thus  slags  of  the  former  type  are  produced  with  pyritic  copper  ores, 
which   consist  chiefly,  after  calcination,  of  oxide  of  iron.     If  more 
silica  were  added  than  the  above  proportion  indicates,  the  amount  of 
slag  produced,  and  with  it  the  cost  of  smelting  and  the  loss  of  copper 
in  the  slag,  would  be  increased.  Such  slags  are  also  produced  when  zinc 
is  present  in  the  ores,  because  basic  ferriferous  slags  have  the  property 
of  dissolving  considerable  quantities  of  oxide  and  sulphide  of  zinc 
without  at  all  impairing  their  valuable  qualities.     (Any  oxide  of  zinc 
that  is  not  slagged  off  is  reduced  and  volatilised,  and  being  again 
oxidised,  is  deposited  on  the  walls  of  the  furnace,  forming  the  so-called 
furnace  calamine,  the  presence  of  which  greatly  reduces  the  length  of 
the  smelting  campaign.)     Larger  quantities  of  sulphide  of  zinc  form 
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with  the  slag  and  a  portion  of  the  matte,  a  porous  mass,  called  skumnas 
(scum  or  foam)  in  Sweden,  from  which  the  copper  can  only  be 
extracted  with  great  difficulty.  It  is  therefore  advisable  to  convert 
the  sulphide  of  zinc  as  far  as  possible  into  oxide  during  the  roasting, 
and  to  decompose  any  basic  sulphate  of  zinc  that  may  form,  by  mixing 
carbonaceous  matter  with  the  ore  during  calcination. 

Bi-siiicates  are  produced  when  the  ores  are  rich  in  silica,  to  save 
the  expense  of  handling  large  quantities  of  slag  and  also  the  cost  of 
fluxes,  seeing  that  very  considerable  quantities  of  bases  are  needed  to 
produce  slags  low  in  silica  (60  parts  of  SiOg  require  72  parts  of  FeO  to 
form  a  bi-silicate,  but  as  much  as  144  parts  to  form  a  mono-silicate). 

Mixtures  of  bi-  and  tri-silicates  are  only  exceptionally  produced,  as 
in  smelting  the  Mansfeld  Kupferschie/er,  which  contains  the  elements 
in  the  proportions  requisite  to  form  such  a  slag,  and  which,  with  its 
very  low  copper  contents  (2  to  3  per  cent.),  could  not  support  the 
extra  expense  of  adding  barren  fluxes. 

Too  high  a  proportion  of  silica  has  its  disadvantage  quite  as  much 
as  too  low  a  proportion  (or  too  high  a  proportion  of  iron). 

The  former  condition  makes  the  slag  difficultly  fusible,  so  that  it 
is  apt  to  mechanically  enclose  particles  of  matte,  especially  when  it 
is  very  pasty.  The  great  objection  is,  however,  that  at  the  high 
temperature  needed  to  fuse  the  slag,a  certain  amount  of  iron  is  reduced, 
just  as  it  is  from  ores  or  even  from  silicates  in  the  blast  furnace. 
This  iron  may  be  deposited  either  in  the  upper  parts  of  the  shaft  or 
on  the  hearth  bottom  as  a  bear,  and  in  either  case  may  bring  about 
the  chilling  of  the  furnace.  Furthermore,  when  the  charge  is  too 
rich  in  silica,  the  consumption  of  fuel  is  increased  and  the  capacity  of 
the  furnace  diminished.  Quartzose  ores,  poor  in  copper,  should 
either  be  reserved  for  the  English  process  of  smelting,  or,  when 
this  cannot  be  done,  they  are  best  treated  by  wet  methods.  Unless 
in  exceptional  cases,  as  in  the  above  cited  instance  of  Mansfeld, 
experience  has  shown  that  the  silica  in  the  slag  should  not  exceed 
42  per  cent. ;  even  when  it  exceeds  36  per  cent,  the  working  capacity 
of  the  furnace  is  found  to  decrease,  without,  however,  any  other  in- 
jurious effects  being  perceptible,  up  to  the  42  per  cent,  limit. 

Too  low  a  percentage  of  silica,  or  too  high  a  percentage  of  iron 
increases  the  specific  gravity  of  the  slag,  so  that  it  does  not  sepanite 
readily  from  the  matte  and  is  apt  to  enclose  particles  of  the  latter. 
Such  slags  also  attack  the  brickwork  of  the  furnace,  dissolving  its 
silica  and  acid  silicates.  Moreover  metallic  iron  is  easily  reduced 
from  slags  rich  in  that  metal,  and  this  iron  forms  bears  on  the  hearth 
bottom  and  thus  shortens  the   smelting  campaign.     Although  low 
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silica  is  not  as  injurious  as  high  silica  in  a  slag,  experience  has 
shown  that  it  is  best  kept  above  24  per  cent.,  whilst  18  per  cent,  is 
looked  upon  as  the  minimum  amount  admissible. 

The  best  results  are  obtained  when  the  percentage  of  silica  is 
between  24  and  36. 

As  bases,  there  may  be  present,  in  addition  to  ferrous  oxide,  linae, 
magnesia  and  alumina.  Even  comparatively  small  amounts  of  the 
two  latter  render  the  slag  difficultly  fusible,  whilst  considerable 
proportions  of  the  former  do  no  harm. 

The  composition  of  a  number  of  slags  with  varying  proportions  of 
silica  is  shown  in  the  subjoined  table  : — 
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T?ie  Smelting  Funmce, 

The  shaft  furnaces,  in  which  the  roasted  ores  are  smelted,  have 
undergone  numerous  modifications  within  the  last  forty  yeans,  low 
furnaces  with  vertical  distribution  of  the  charge  having  been  exchanged 
for  higher  furnaces  with  horizontal  distribution.  The  square  or 
trapezoidal  cross-section  has  been  replaced  by  circular,  rectangular  or 
elliptical  sections.  Instead  of  the  furnaces  tapering  upwards  from  the 
tuyeres  to  the  throat,  it  is  slightly  widened  or  kept  uniform  in  section 
throughout.  Instead  of  furnaces  held  together  with  massive  retaining 
walls,  difficult  of  access,  furnaces  now  stand  free  on  light  supports 
with  slight  outer  walls,  or  the  latter  are  replaced  by  iron  shells,  or 
again  the  brickwork  is  replaced  by  hollow  iron  boxes  through  which 
water  circulates  (water-jacket  furnaces).  The  separation  of  the  fused 
products  now  takes  place  often  in  a  forehearth  outside  of  the  furnace 
proper  instead  of  within  the  furnace.  The  working  capacity  of 
the  furnaces  has  been  increased  by  employing  larger  dimensions,  a 
greater  number  of  tuyeres,  higher  blast  pressures,  and  by  injecting 
greater  volumes  of  air. 
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As  regards  the  height  of  the  furnace,  this  depends  chiefly  on  the 
amount  of  iron  in  the  charge  and  the  nature  of  the  fuel.  The  higher 
the  furnace  the  more  readily  is  iron  reduced  from  the  charge,  where- 
fore lower  furnaces  are  used  for  ores  rich  in  iron  than  for  ores  poorer 
in  that  metal.  Other  things  being  equal,  a  furnace  using  charcoal 
should  be  higher  than  one  using  coke,  because  charcoal  has  a  great 
tendency  to  bum  upwards,  and  with  a  low  furnace  a  portion  of  the 
fuel  would  bum  to  waste  uselessly  in  the  throat.  With  ores  con- 
taining much  zinc,  if  all  this  metal  cannot  be  slagged  off,  some  may 
have  to  be  volatilised,  in  which  case  the  furnace  is  not  made  too  high 
for  fear  of  accretions  forming  in  the  upper  part  of  the  shaft.  The 
height  is  also  kept  down,  when  it  is  desired  to  have  an  oxidising 
action  in  addition  to  a  reducing  one,  in  order  to  remove  sulphur  and 
to  oxidise  the  iron,  as  is  often  done  in  the  United  States  of  America. 
Generally  speaking,  the  height  of  modern  furnaces  varies  between 
11  feet  6  inches  and  30  feet  from  the  floor  level  to  the  throat.  The 
latter  height  is  quite  exceptional,  and  is  only  used  for  ores  rich  in 
silica  and  earths,  poor  in  iron  and  diSicultly  fusible,  where  there  is 
little  fear  of  iron  being  reduced,  as  for  instance  at  Mansfeld.  The 
distance  between  the  level  of  the  tuyeres  and  the  throat,  which 
controls  the  height  of  the  furnace,  is  there  about  21  feet  (5  inches. 
For  basic  ores  rich  in  iron  (calcined  pyrites)  this  distance  varies 
between  8  feet  and  13  feet;  thus  for  smelting  cupriferous  pyrites 
with  3  per  cent,  to  4  per  cent,  of  copper,  in  the  United  States  it  is 
10  feet,  and  for  smelting  with  partial  oxidation  (mixtures  of  raw  and 
roasted  sulphides)  from  4  to  6  feet.^  For  more  acid  ores  this  figure 
varies  between  13  feet  and  16  feet  6  inches,  according  to  the  pro- 
portion of  silica  present.  In  the  United  States,  when  acid  ores  are 
to  be  smelted,  it  is  found  preferable  not  to  exceed  14  feet,  because 
otherwise  metallic  iron  might  be  reduced. 

According  to  Bredberg,  when  charcoal  is  the  fuel  employed,  the 
furnace  should  be  at  least  20  feet  6  inches  high ;  such  furnaces  were 
formerly  in  use  at  Atvidaberg  in  Sweden. 

The  cross-section  of  modem  furnaces  is  circular,  rectangular  or 
ovaL 

Circular  furnaces  cannot  exceed  a  given  diameter,  otherwise  the 
blast,  at  any  admissible  pressure,  would  not  penetrate  to  the  centre 
of  the  furnace.  The  pressure  on  the  other  hand  depends  on  the 
fusibility  of  the  ores  and  the  amount  of  iron  they  contain.  At  high 
pressures  iron  is  apt  to  be  reduced,  and  the  more  readily  the  richer 
the  charge  is  in  iron.     With  ores  poor  in  iron  the  pressure  may  be 

*  Peters,  op.  cU.  p.  309. 
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moderately  high  and  the  diameter  of  the  furnace  be  correspondingly 
increased.  The  diameter  at  the  tuyere  level,  which  principally 
influences  the  output  of  the  furnace,  must  not,  however,  be  too  great 
when  difficultly  fusible  ores,  such  as  ores  poor  in  iron,  are  being 
treated,  for  fear  of  imperfect  fusion  ;  the  diameter  at  the  tuyere  level 
is  accordingly  considerably  reduced  when  this  class  of  ores  is  to  be 
smelted.  Of  all  modem  circular  furnaces  those  at  Mansfeld,  designed 
for  treating  the  difficultly  fusible  ores,  poor  in  iron,  of  the  district, 
have  the  largest  diameter  and  are  worked  at  a  blast  pressure  of  2*9 
to  4*3  inches  of  mercury.  The  diameter  of  these  furnaces  at  the 
tuyere  level  is  from  5  feet  3  inches  to  6  feet  2  inches,  and  7  feet  3 
inches  at  the  throat.  The  quantity  of  ore  treated  varies  from  100 
tons  at  the  lower  blast  pressure  to  165  tons  at  the  higher,  in  twenty- 
four  hours.  For  easily  fusible  ores  the  blast  pressure  ranges  from 
0*8  to  1'6  inches  of  mercury,  according  to  the  character  of  the  ores  ; 
the  diameter  at  the  tuyere  level  should  then  be  between  2  feet  6 
inches  and  4  feet  6  inches,  increasing  a  little  towards  the  throat. 
For  example,  the  circular  furnaces  at  Oker,  in  the  Lower  Harz,  are 
4  feet  3  inches  in  diameter  at  the  tuyeres  and  5  feet  9  inches  at  the 
throat,  working  at  a  blast  pressure  of  1"4  inches  of  mercury;  at 
Brixlegg,  in  the  Tyrol,  the  diameter  is  4  feet  at  the  tuyeres  and  5 
feet  6  inches  at  the  throat,  and  the  American  water-jacket  furnace, 
with  a  blast  pressure  of  ^  to  f  lb.  on  the  square  inch,  has  a  diameter 
at  the  tuyeres  varying  from  3  feet  6  inches  to  4  feet  2  inches. 

Rectangular  and  oval  furnaces  are  better  suited  for  large 
outputs  than  circular  furnaces,  because,  although  the  shorter  side 
is  fixed  by  the  nature  of  the  ore,  the  area  at  the  tuyere  level,  upon 
which  the  output  of  the  furnace  depends,  can  be  increased  by 
lengthening  the  longer  side  as  much  as  possible.  Such  furnaces 
have  found  much  favour  in  the  United  States,  and  have  the  largest 
capacities  of  any  shaft  furnaces  hitherto  constructed  for  smelting 
calcined  ferriferous  copper  ores,  exceeding  even  the  Mansfeld 
furnaces  in  many  cases.  Some  of  them  can  treat  up  to  300  tons  of 
ore  in  24  hours,  whilst  the  Mansfeld  furnaces  never  reach  200  tons. 
The  greatest  length  of  the  rectangle  is  usually  11  feet  6  inches  in 
the  clear,  in  the  Orford  furnaces,  whilst  the  width  should  not  greatly 
exceed  3  feet  3  inches,  being  3  feet  6  inches  in  the  furnaces  in 
question.     The  following  are,  for  example,  typical  dimensions: 

Length  Width 

Orford  furnaces 11  ft.  8  in.     3  ft.  5  it  in. 

Keswick  furnaces,  California   .     .     .     .     11  ft.  9  in.     3  ft.  7    in. 
Hall  Mine  furnaces,  British  Columbia  .     12  ft.  3  ft.  8    in. 
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The  walls  of  the  furnace  are  either  perpendicular  as  in  the  Orford 
furnace,  or  else  widen  out  towards  the  top,  when  the  furnace  becomes 
a  Raschette  furnace.  Rectangular  furnaces  are  also  built  with  water- 
jackets,  the  form  known  as  the  Henrich  furnace  being  in  use  in  the 
United  States.  Water-jackets  are  constructed  either  of  cast  or 
wrought  iron,  the  latter  having  given  the  better  results  in  the  United 
States. 

An  improvement  on  the  rectangular  furnace  has  been  the 
rounding  oflF  of  the  comers,  when  the  section  approaches  that  of  an 
ellipse.  This  improvement  was  introduced  in  Russia  by  Skinder  for 
brick  furnaces,  and  for  water-jackets  by  Herreshof  at  Brooklyn, 
where  the  author  has  seen  them  in  operation.  The  Herreshof 
furnace  widens  upwards ;  it  is  6  feet  4  inches  long  by  3  feet  6  inches 
wide  at  the  bottom,  7  feet  4  inches  by  4  feet  7  inches  at  the  throat, 
and  6  feet  6  inches  by  3  feet  8  inches  at  the  tuyere  level.  Its  plan 
is  that  of  a  rectangle,  with  sharply  rounded  comers,  and  the  longer 
sides  convex  outwards.  This  furnace  has  a  capacity  of  about  90  tons 
of  roasted  cupriferous  pyrites  in  twenty-four  hours,  and  the  water- 
jacket  of  this  shape  is  found  to  wear  longer  than  it  does  when 
rectangular. 

In  the  modern  furnace,  the  tuyeres  are  distributed  as  symme- 
trically as  possible  round  the  periphery  of  the  furnace ;  in  the  older 
system  of  charging  in  vertical  columns  and  smelting  with  a  slag-nose 
(a  prolongation  of  slag  on  the  end  of  the  tuyere)  the  tuyeres,  from 
one  to  three  in  number,  were  placed  in  the  rear  wall  of  the  furnace. 
Modem  furnaces  have  not  less  than  three,  and  up  to  as  many  as 
twenty-four  tuyeres ;  thus  the  Oker  fumaces  have  five,  the  Mansfeld 
furnaces  six,  the  Herreshof  furnaces  thirteen,  the  Orford  furnaces 
fourteen  tuyeres,  and  the  furnace  at  Keswik,  California,  twenty-four 
tuyeres.  As  a  rule  the  tuyeres  are  cooled  by  water,  the  Skinder  and 
Orford  fumaces  being  the  only  exceptions. 

As  already  stated,  the  blast  pressure  varies  when  coke  is  used 
between  0*8  and  2  inches  of  mercury  (about  0*4  to  1  lb.  on  the 
square  inch)  and  is  only  exceptionally  (at  Mansfeld)  as  high  as 
3*9  inch^  of  mercury.  The  pressure  must  be  less  when  charcoal 
is  used  as  fuel. 

The  blast  is  generally  produced  by  means  of  blowers.  Root's 
blower  being  used  in  Europe,  and  Baker  s  and  McKenzie  s  blowers  in 
America  and  Australia.  Blowing  engines  and  the  Cagniardeue  (a 
blowing  machine  consisting  of  a  rotating  air-chamber  dipping  di- 
agonally into  a  water- tank)  are  only  used  exceptionally  for  very  high 
furnaces  and  difficultly  fusible  ores,  as  at  Mansfeld.     Hotblast,  too 
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can  only  be  employed  with  advantage  under  the  same  exceptional 
circumstances,  because  it  would  otherwise  tend  to  reduce  iron  from 
the  ore.  At  Mansfeld  the  blast  is  heated  up  to  between  200°  and 
300  °C.  by  means  of  the  furnace  gases. 

There  are  three  types  of  furnaces  in  use  : — 

Spurqfen,  or  furnaces  with  independent  forehearths. 

Tiegelofen,  or  furnaces  with  crucibles  and  no  forehearths. 

Sumpfofen,  or  furnaces  with  fixed  forehearths  of  the  syphon 
pattern  continuous  with  the  crucibles. 

Furnaces  with  independent  forehearths  are  the  most  suitable  for 
the  generality  of  copper  ores ;  they  are  used  with  advantage  in 
smelting  highly  ferriferous  ores,  such  as  roasted  pyrites,  where  there 
is  danger  of  iron  being  reduced  and  forming  bears  on  the  furnace 
bottom,  should  the  molten  materials  remain  too  long  in  the  furnace. 
The  objection  of  an  imperfect  separation  of  slag  from  matte  in  inde- 
pendent receivers  outside  the  furnace  proper  may  be  got  over  by 
running  the  molten  matter  direct  into  covered  receivers,  in  which  the 
temperature  is  sufficiently  high  to  keep  the  contents  fluid  so  that 
the  matte  can  separate  sharply  from  the  slag.  The  slag  is  allowed 
to  flow  off  continuously  through  a  slag-notch  provided  with  a  spout, 
whilst  the  matte  is  either  tapped  out  periodically,  or  is  allowed  to 
run  continuously  at  a  lower  level  than  the  slag.  A  continuous  flow 
of  matte  is  obtained  by  dividing  the  receiver  or  forehearth  into  two 
compartments  by  means  of  a  firebrick  wall,  at  the  bottom  of  which 
a  slot  forms  the  means  of  communication  between  the  two  divisions. 
This  slot  is  kept  closed  until  the  compartment  that  communicates 
with  the  interior  of  the  furnace  is  filled  with  matte,  so  that  no  slag 
can  pass  through  the  slot,  which  is  then  opened,  when  the  matte 
rises  to  the  same  level  in  each  compartment.  The  matte  is  then 
allowed  to  run  continuously  through  a  hole  provided  with  a  spout, 
from  the  second  compartment,  whilst  the  slag  flows  at  a  higher  level 
from  the  first  compartment.  These  arrangements  further  possess 
the  advantage  that  they  prevent  the  blast  blowing  through  the  tap 
hole,  whilst  the  furnace  bottom  is  kept  free  from  bears  and  accre- 
tions, which  are  deposited  in  the  forehearth.  This  system  is  used  to 
great  advantage  in  the  United  States ;  much  skill  is,  however, 
required  in  the  management  of  the  furnace,  and  the  outlet  can  only 
be  kept  from  chilling  by  putting  through  very  large  quantities. 

On  the  continent  of  Europe  forehearths  either  take  the  form  of 
the  so-called  hrillenofcn  (  =  "  spectacle "  furnace),  so  called  because 
it  has  two  outlets — called  the  '*  eyes  "  of  the  furnace  in  German — 
side  by  side,  or  else  they  are  furnaces  provided  with  simple  outside 
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^ts,  both  forms  being  lined  with  a  charcoal  brasque.  In  small 
furnaces  the  matte  is  allowed  to  set  partially  in  the  pot  or  forehearth, 
and  then  a  disc  of  chilled  matte  is  lifted  off  the  surface ;  in  larger 
furnaces,  the  pot  is  allowed  to  fill  with  matte,  and  is  then  tapped. 
Furnaces  with  independent  forehearths  have  the  important  advan- 
tage that  the  separation  of  the  fused  products  takes  place  in  the 
forehearth,  so  that  this  slow  and  difficult  operation  is  removed  from 
the  interior  of  the  furnace  proper.  The  objection  generally  raised 
that  separation  outside  of  the  furnace  itself  is  apt  to  be  imperfect,  is 
not  sustained  by  American  experience,  neither  is  the  other  objection 
that  such  furnaces  consume  more  fuel  than  plain  crucible  furnaces. 

Furnaces  with  closed  crucibles  and  without  forehearths  are  used 
in  Europe  when  there  is  no  fear  of  iron  being  reduced  from  the  ores 
and  forming  bears  and  accretions  ;  they  keep  the  heat  well  together 
and  maintain  the  contents  of  the  furnace  in  a  state  of  thorough 
fusion,  which  allows  the  matte  to  separate  sharply  from  the  slag. 
The  slag  is  either  allowed  to  flow  continuously  into  slag  pots,  or  is 
tapped  at  a  suitable  level  at  definite  intervals  of  about  ten  minutes 
alternately  through  two  slag-notches. 

At  the  Mansfeld  works,  the  slag  traverses  two  iron  boxes,  set  one 
below  the  other,  and  runs  thence  into  movable  slag  pots.  Any 
matte  settles  in  the  two  boxes,  whence  it  is  tapped  off  from  time  to 
time.  The  objections  to  the  crucible  hearth  are  the  formation  of 
hollow  spaces  in  the  furnace  contents,  and  the  escape  of  blast  through 
the  tap  hole,  when  the  matte  is  tapped  off. 

Furnaces  that  are  continued  into  forehearths,  which  are  not 
removable,  but  form  a  part  of  the  furnace  proper,  are  employed  with 
charges  rich  in  both  iron  and  zinc,  that  necessitate  a  frequent 
clearing  out  of  the  lower  part  of  the  furnace  to  remove  accretions. 
The  matte  does  not  separate  so  freely  from  the  slag  as  in  the  last- 
named  type  of  furnace,  and  the  slag  is  not  hot  enough  to  traverse 
several  receivers  and  deposit  therein  any  matte  it  may  be  carrjdng, 
so  that  this  type  of  furnace  should  only  be  used  when  the  formation 
of  accretions  makes  it  absolutely  necessary.  At  the  same  time  it 
must  be  remembered  that  substances  can  be  thoroughly  fused  in  the 
greater  heat  of  the  crucible  furnace  which  would  form  accretions  in 
this  type.  With  very  high  contents  of  iron  together  with  zinc  in 
the  ores,  crucible  furnaces  cannot  be  used  because  of  the  reduction 
of  iron  in  them.  For  such  ores  movable  forehearths  should  be  em- 
ployed when  possible,  but  if  not  then  these  fixed  forehearths  must 
be  used.  They  have  the  same  disadvantages  too,  as  crucible  furnaces, 
in  permitting  the  formation  of  hollows  and  the  escape  of  blast. 
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The  matte,  that  flows,  or  is  tapped  from  shaft  furaaces,  is  run 
into  sand  moulds,  brasqued  pots  or  iron  moulds. 

As  regards  the  furnace  walls,  two  types  may  be  distinguished, 
namely  furnaces  with  water-cooled  metallic  walls  known  as  water- 
jacket  furnaces,  and  furnaces  with  walls  of  firebrick. 

Water-jacket  furnaces  are  given  the  preference  on  principle  in 
the  United  States  on  account  of  their  great  advantages.  They  are 
constructed  in  cast-  or  wrought-irou,  in  the  former  case  being  always 
sectional.  If  there  is  any  fear  of  the  inner  shells  being  attacked  by 
sulphate  of  copper,  they  ^are  made  of  copper.  The  water  supply 
enters  at  the  bottom  of  the  jacket  and  escapes  at  the  top.  These 
furnaces  are  usually  constructed  with  movable  forehearths. 

The  advantages  of  such  furnaces  as  compared  with  brick  furnaces 
with  fixed  forehearths  or  without  forehearths  are  stated  as  follows :  ^ 

1.  The  ease  and  rapidity  of  erection.  2.  The  rapidity  and 
simplicity  of  the  blowing-in  process.  3.  The  facility  and  convenience 
with  which  repairs  can  be  executed.  4.  Convenience  of  manipula- 
tion (removal  of  accretions  on  the  walls  by  barring  down  from  the 
top,  production  of  clean  slag,  confinement  of  the  cleaning  operations 
to  the  forehearth,  ease  with  which  forehearths  can  be  changed). 
According  to  Peters  ^  the  excess  of  coke  consumption  absorbed  in 
heating  the  jacket-water  ranges  according  to  the  condition  of  the 
furnace  between  2J  per  cent,  and  10  per  cent.,  and  averages  6  per 
cent,  of  the  total  coke  consumption.  The  amount  of  jacket- 
water  required  in  normal  running  is  :  ^ 

460  gallons  per  hour  for  a  hearth  area  of  3  square  feet. 
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In  blowing  in  from  two  to  three  times  the  above  amount  is 
required. 

Wrought-iron  has  been  found  to  answer  better  than  cast-iron  in 
the  construction  of  the  shell,  so  that  it  is  now  the  more  generally 
used  in  America.  The  jackets  for  the  larger  sides  of  large  furnaces, 
rectangular  in  plan,  are  built  in  sections  (like  cast  iron  shells)  in 
order  to  avoid  deformation. 

The  bottoms  of  water-jacket  furnaces  are  built  not  of  charcoal 
brasque  as  is  usual  in  Europe,  but  of  fireclay  or  of  a  layer  of  fire- 

1  Peters,  op.  cit.  p.  253.  ^  p  259.  »  Peters,  op.  cit.  p.  280. 
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brick.  It  is  well  known  that  matte  rich  in  copper,  as  well  as 
Diftallic  copper,  possesses  the  property  of  forming  accretions  od  the 
furnace  bottom,  whilst  matte  containing  35  per  cent,  or  less  of 
copper  cuts  into  the  lining  on  account  of  its  high  iron  contents.  The 
water-jacket  furnace  without  forehearth  shown  in  Figs.  103, 104,'  with 
n  deep  crucible  made  of  a  thick  mass  of  firebrick  and  clay,  with  a 
slag-notch  at  Z  and  a  tap  hole  for  the  metal  or  matte  at  0,  is  there- 
fore suitable  for  the  production  of  coarse 
copper  or  rich  matte,  which  would  only 
gradually  form  accretions  in  the  deep 
crucible,  but  not  for  smelting  matte  with 
less  than  3.5  per  cent,  of  copper.  In  the 
latter  case  slag  and  matte  would  rapidly 
cut  into  the  lining  of  the  crucible  from 
the  notch  L,  and  would  aoon  reach  the  iron 
bottom  plate  /',  which  is  cooled  by  being 
exposed  to  the  air,  and  destroy  the  latter, 
thus  terminating  the  furnace  campaign. 

If,  on  the  other  hand,  the  externally 
cooled  bottom  plate  received  merely  a 
thin  lining  of  firebrick,  if  a  single  notch 
were  arranged  for  both  slag  and  matte,  the 
notch  being  watercooled  like  a  Liirmann 


cinder  notch,  and  slag  and  matte  allowed  to  run  into  a  removable 
forehearth,  all  the  conditions  for  smelting  a  poor  matte  would  be 
fulfilled.  The  Herreshof  furnace  shown  in  Figf.  130,  131,  will  serve 
to  elucidate  this  description.  The  water-jacket  /f  continues  down  to 
the  iron  bottom  plate.  Slag  and  matte  flow  together  through  a 
water-cooled  opening  into  the  movable  forehearth  T,  where  they 
separate;  the  slag  flows  off  continually  through  the  upper  opening, 
'  Peters,  op.  cil.  p.  267. 
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whilst  the  matte  is  tapped  from  time  to  time  through  the  lower  one. 
At  the   commencement  of  the  campaign  a  layer  of  molten  matte 
collects  on  the  furnace  bottom,  which  reaches  up  to   the    opening 
above  mentioned,  and  over  this   layer   matte    and   slag   flow   into 
the  forehearth.     As  the  bottom  plate  is  continually  radiating  heat, 
the  matte,  which  is  only  separated  from  it  by  a  thin  layer  of  fire- 
brick, is  also  cooled,  and  sets  up  to  a  certain  distance  from  the  bottom. 
A  layer  of  solidified  matte    thus    forms   upon    the    bottom   which 
preserves  the    latter    from    attack.      The   thickness    of   this    layer 
varies  with  the  working  of  the  furnace :  if  it  works  hot,  and  large 
quantities  of  matte  are   produced,   or   if   the    copper   contents    of 
the  matte  decrease,  a  certain  depth  of  the  upper   layer   of  matte 
melts  off,  until  a  limit  is  reached  at  which  the    cooling    effect    of 
the  bottom,  due  to   the   radiation    of   heat,   prevents   any   further 
fusion.     Below  this  limit  the  matte    is   accordingly   solid.     If   the 
furnace  works  more  slowly,  or  if  the  richness  of  the  matte  increases, 
the  thickness  of  the  layer  of  solidified  matte  again  becomes  greater 
up  to  a  certain  point.     The  thickness  of  this  bottom  of  solidified 
matte  is  thus  self-regulating,  and  there  can  be  no  interruption  in  the 
ready  flow  of  slag  and  matte  from  the  furnace.     This  arrangement 
has  proved  quite  satisfactory   in    the    United   States ;    it    has  the 
advantage   over   the    other   arrangements   that   the    formation     of 
accretions,  bears  (salamanders  or  sows)  and  semifused  masses  inside 
the  furnace  is  prevented.     Peters  considers    the    collection   of   the 
molten  products  in  a  movable  forehearth  and  their  separation  therein 
as  the  greatest  modem  improvement   in    copper   smelting   in    the 
blast  furnace,  next  to  the  introduction  of  the  water-jacket. 

Firebrick  furnaces  usually  have  a  cooling  zone,  consisting  of 
segmental  blocks  of  cast-iron  in  which  water  circulates,  in  the 
region  of  the  tuyeres.  Water-pipes  are  also  at  times  built  into  the 
body  of  the  brickwork.  Such  furnaces  are  extensively  used  in 
Europe.  Their  erection  takes  longer  than  in  case  of  the  water- 
jacket  furnaces,  and  the  same  is  true  of  their  blowing  in,  which 
demands  a  previous  warming  up  of  the  brickwork.  Finally,  if  the 
charge  is  not  right,  the  brickwork  is  either  attacked  by  the  molten 
matter  or  gets  covered  with  accretions.  If,  however,  the  furnaces  are 
properly  arranged  and  the  charge  is  properly  proportioned,  brick 
furnaces  admit  of  very  long  campaigns. 

The  bottom  is  made  of  brasque,  fireclay  or  firebrick.  By  employ- 
ing a  detached  forehearth,  the  bulk  of  the  repairs  can,  as  in  the  case 
of  water-jacket  furnaces,  be  transferred  from  the  interior  of  the 
furnace  to  the  forehearth.     It  is  not  however  possible  to  obtain  a 
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self-regulating  bottom  as  in  the  case  of  the  water-jacket  with  its 
bottom  of  iron  plate ;  in  time,  therefore,  the  bottom  is  either 
cut  through,  with  poor  mattes  containing  much  iron,  or 
accretions  form  on  it,  with  mattes  rich  in  iron.  In  the  case  of  rapid 
driring  this  is,  however,  far  less  apt  to  occur  in  furnaces  with  detached 
forehearths  than  with  other  types.  Preference  should  accordingly  be 
given  to  this  style  of  furnace  for  copper  smelting,  particularly  when 
large  quantities  have  to  be  put  through.  The  smelting  of  the  Mansfeld 
cupriferous  schists  in  crucible  furnaces  with  the  production  of  a  highly 
siliceous  slag  and  a  matte  rich  in  copper  is  quite  an  exceptional  case. 
The  forehearths  of  copper  furnaces  are  arranged  in  various  ways. 
They  form  either  fixed  or  movable  receptacles  for  the  collection  and 
separation  of  the  molten  furnace  products.  Forehearths  used  to  be 
invariably  fixed  crucible-like  vessels  lined  with  brasque,  but  of  recent 
times  these  have  been  replaced  in  the  United  States  by  movable 
vessels  of  cast-iron  lined  with  firebrick  or  fireclay.  Such  forehearths 
maybe  used  in  conjunction  with  either  water-jacket  or  brick  furnaces, 
and  are  always  fitted  in  the  United  States  to  all  water-jackets.  Such 
forehearths  may  be  either  covered  or  uncovered.  Slag  flows  off 
continuously  whilst  the  matte  is  either  tapped  off  periodically  or 
flows  continously.  When  movable  forehearths  are  employed,  any 
injury  to  these  does  not  involve  an  interruption  of  the  furnace 
working,  as  the  defective  forehearth  can  be  removed  for  repairs  and 
replaced  by  a  new  one.  This  advantage  is  especially  marked  when 
large  quantities  are  being  treated.  These  forehearths,  as  above 
mentioned,  are  of  cast-iron  with  a  lining  to  suit  the  nature  of  the 
slag  and  the  matte ;  for  a  siliceous  slag  and  a  matte  rich  in  copper, 
a  lining  of  fireclay  is  sufficient,  which  will  stand  about  three  weeks  ; 
for  a  slag  rich  in  iron  and  a  poor  matte  (i,e.  matte  with  less  than 
35  per  cent,  of  copper)  a  thick  lining  of  firebrick  is  required.  When 
uncovered  forehearths  are  used,  a  cover  of  solidified  slag  may  be 
allowed  to  form.  Such  an  open  forehearth  with  a  cover  of  solidified 
slag  is  used,  for  example,  when  it  is  required  to  keep  5 — 8  tons 
of  matte  hot  for  the  Bessemer  process,  this  matte  having  to  be 
tapped  all  together  into  a  ladle  and  thence  transferred  to  the 
converter.  This  is  the  case  at  the  Great  Falls  Works  in 
Montana ;  the  forehearth  here  consists  of  a  low  cylinder  10 
feet  in  diameter,  the  bottom  of  which  is  lined  with  a  layer 
of  firebrick  ^l  inches  deep  bedded  upon  closely  rammed  clay, 
whilst  the  sides  consist  of  two  thicknesses  of  brick.  There  are  two 
tapholes,  one  close  to  the  bottom,  the  other  halfway  up  the  cylinder. 
The  fused  products  from  the  furnace  flow  into  the  forehearth  through 
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a  water-cooled  gutter.  The  forehearth  lasts  about  1  month.  In 
order  to  prevent  the  matte  from  chilling,  a  crust  of  solidified  slag  is 
allowed  to  form  over  the  upper  portion  of  the  cylinder. 

The  already  mentioned  Herreshof  forehearth  and  its  combination 
with  the  Herreshof  water-jacket  is  shown  in  Figs.  130  and  131 ;  H 
is  the  boiler-plate  water-jacket  the  water  space  being  2  inches  wide. 
The  height  of  the  furnace  from  the  floor  to  the  throat  is  10  feet,  its 
dimensions  at  the  bottom  are  6  feet  4  inches  by  3  feet  7  inches,  and 
at  the  top  7  feet  4  inches  by  4  feet  7  inches.  The  bottom,  W,  is  a 
dished  cast-iron  plate,  bolted  to  the  lower  edge  of  the  water-jacket. 
The  tuyere  level  is  26  inches  above  the  bottom  plate ;  there  are  13 
tuyeres  5  along  each  longer  side,  and  3  at  the  back.  K  is  the  bhist 
main ;  T  is  the  forehearth'  supported  on  wheels  and  placed  in  front  of 
the  furnace  to  receive  the  molten  products.  Its  sides  are  surroundtKl 
by  a  water-jacket «,  and  it  has  an  iron  cover  D  lined  with  firebrick. 
The  outlet  from  the  furnace  is  an  opening  9  inches  high  and  7  inches 
wide,  measured  at  the  furnace.  The  forehearth  is  wheeled  against 
this  with  its  water-cooled  spout  meeting  that  of  the  furnace  and 
made  tight  with  a  little  tempered  fireclay.  The  bottom  is  lined  with 
fireclay  to  a  height  of  2  inches  below  the  bottom  of  the  inlet ;  it  was 
formerly  much  deeper,  when  a  layer  of  chilled  matte  formed  up  to  the 
level  of  the  opening.  The  slag  flows  off  through  a  spout  near  the 
top ;  the  matte  is  tapped  out  through  a  tap-hole  furnished  with  a 
water-cooled  bronze  spout  (like  the  Lurmann  cinder  tuyere).  In 
operation  the  level  of  the  molten  materials  is  always  above  the  upper 
edge  of  the  inlet,  so  that  the  blast  cannot  blow  through.  Blowing 
through  cannot  occur,  even  when  matte  is  tapped,  because  the  level 
of  the  slag  is  never  allowed  to  sink  below  the  upper  edge  of  the  in- 
let ;  the  amount  of  slag  tapped  off  at  one  time  is  about  10  cwts.  The 
forehearth  lasts  about  30  days,  and  when  it  needs  repair,  it  is  wheeled 
off  and  immediately  replaced  by  a  fresh  one. 

Much  skill  and  practice  are  required  in  the  management  of  the 
Herreshof  furnace  and  forehearth  to  prevent  the  opening  from  be- 
coming stopped  up.  This  forehearth  is  not  suited  to  irregular  work- 
ing and  continual  changes  in  the  composition  of  the  charge,  nor  for 
very  rich  matte  and  very  siliceous  slags,  but  is  especially  well  adapted, 
according  to  Peters,^  for  the  steady  smelting  of  uniform  ores,  producing 
a  matte  with  20 — 50  per  cent,  of  copper  and  not  too  siliceous  a  slag. 
As  the  cast-iron  forehearth  is  apt  to  crack  in  cold  climates,  Peters 
has  replaced  it  by  boiler  plate  and  has  correspondingly  modified 
the  forehearth.^ 

1  Op,  cit.  p.  292.  -^  Op.  cit.  pp.  290,  291. 
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A  forehearth  for  continuous  flow  of  matte  as  well  as  slag  was  first 
employed  at  the  Orford  Works,  New  York  State.^  The  arrangement 
is  shown  in  Figs.  105  and  106.  It  consists  of  a  cast-iron  receiver  5 
feet  6  inches  by  5  feet  in  plan,  divided  into  two  communicating  com- 
partments, is  open  at  the  top  and  is  lined  with  firebrick,  the  thickness 
of  which  may  be  4J  or  9  inches  according  to  the  nature  of  the 
molten  product.  It  is  divided  into  a  larger  and  a  smaller  compart- 
ment, the  former  2 J  times  the,  size  of  the  latter,  by  a  division  wall 
of  firebrick  S,  built  of  9  inch  firebrick,  and  provided  with  a  slot. 


Fios.  105  and  100. 


This  slot  w  commences  close  to  the  floor  of  the  forehearth  and  is  3 
inches  wide  and  8  inches  high.  Each  division  has  its  spout,  a  and  6, 
the  matte  spout  in  the  smaller  compartment  being  2  inches  lower 
than  the  slag  spout  in  the  larger  compartment,  the  latter  being  bolted 
to  the  top  edge  of  the  front  plate.  The  molten  materials  flow  from 
the  furnace  through  an  opening  4  inches  high  and  2  inches  wide  first 
into  the  larger  compartment,  where  they  separate  into  layers  in 
accordance  with  their  densities.  The  slot  is  plugged  with  clay  and 
is  only  opened  when  the  matte  has  risen  above  the  level  of  the  top. 
Thus  matte  alone  can  flow  into  the  smaller  compartment,  the  slag 
being  forced  to  remain  in  the  larger  one  till  it  has  reached  the  level 

»  Op.  cit.  p.  294. 
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of  the  slag  notch  a,  when  it  escapes  through  it.  The  level  of  the 
matte  is  never  allowed  to  sink  below  the  top  of  the  slot,  and  as  soon 
as  it  has  reached  the  requisite  height,  it  flows  through  the  spout  A 
into  suitably  placed  matte  pots.  A  tap  hole  is  provided  near  the 
bottom  of  the  larger  compartment  in  case  it  should  be  desirable  to 
tap  oflf  the  matte  from  it. 

If  the  matte  contains  over  60  per  cent,  of  copper,  it  readily  sets 
and  plugs  the  forehearth,  whilst  when  it  contains  under  20  per  cent, 
of  copper,  it  attacks  the  lining  of  the  forehearth  and  the  dividing 
wall  and  finally  destroys  the  cast-iron  plates. 

Here  also  the  management  requires  considerable  skill  and 
experience  in  order  to  keep  the  separation  and  flow  going  steadily 
and  to  maintain  the  forehearth  in  good  condition,  as  the  flow  of 
matte  is  apt  to  stop  without  apparent  cause. 

When  it  is  necessary  to  keep  large  bodies  of  matte  for  the  copper- 
Bessemer  process,  Peters^  considers  that  reverberatory  furnaces  of 
suitable  size  with  firebrick  hearths,  like  the  English  reverberatory 
furnaces  to  be  subsequently  described,  form  very  suitable  forehearths 
for  the  collection  of  the  molten  materials  and  the  separation  of 
matte  and  slag.  These  are  tired  independently  of  the  blast  furnaces. 
Such  forehearths  are  used  at  the  works  of  the  Elliott  metal 
Company's  works  in  Wales,^  and  at  those  of  the  Arizona  Copper 
Company,  Clifton,  Arizona.^ 

The  smelting-fumace  fuel  is  either  coke  or  charcoal,  the  former 
carrying  heavier  burdens  and  standing  higher  blast  pressures  than 
the  latter.  A  ton  of  ore  requires  according  to  it-s  nature  from  2  to 
8  cwts.  of  coke. 

Typical  examples  of  various  furnaces  constructed  according  to 
the  above  principles  will  now  be  given. 

Older  Furnaces 

The  older  furnaces  have  been  almost  completely  displaced  by  the 
more  modern  types,  with  numerous  tuyeres,  charged  in  horizontal 
layers,  and  possess,  therefore,  scarcely  more  than  a  historic  import- 
ance ;  they  will  accordingly  be  only  briefly  mentioned.  The 
Ktitrnmofen  is  a  low  furnace,  capable  of  being  charged  from  the 
floor  level  of  the  works,  square  or  trapezoidal  in  cross  section,  with 
two  tuyeres  in  the  back  wall ;  the  mode  of  charging  is  vertical. 
These  furnaces  consume  much  fuel,  since  they  work  with  hot  throat 
{i.e.y  the  furnace  gases  burn  at  the  throat),  require  much  labour  and 

*  Op.  cit.  p.  298.  ^  Peters,  op.  cit.  p.  298. 

3  The  Mineral  Industry^  1898,  p.  230. 
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lot*  much  metal.     The  author  has  still  met  with  them  in  operation 

in  various  works  in  Transcaucasia  (AUawerdi  near  Tiflis  and  Kaward 

and  Katar  in  Earabach).     They  have  a  fixed  forehearth.     The  blast 

was  produced   by   means    of    leather 

bellows,  worked    by    hand    whenever  C 

water  power  was  not  available. 

The  Sulv,  furnace  ("  Sulu  "  is  the 
Swedish  term   for  ore  that  has   been 

fritted   together   by   calcination)   was  .p 

fi>mierly  employed  at  Atvidaberg, 
Fahl'in  and  Sala  in  Sweden.  A 
furnace  of  this  kind,  as  formerly  em- 
ployed in  Atvidaberg,  is  shown  in 
Figs.  107  to  109  after  Bredberg.  It  had 
a  Hxed  forehearth  h  lined  with  charcoal 
brasque,  was  rectangular  in  plan  and  ■" 

had  four  tuyeres,  a,  in  the  rear  wall ;  *""'■  ""■ 


''  is  an  iron  bearer  upon  which  the  breast  of  the  furnace  was  sup- 
fxirted ;  c  is  the  taphole.  It  was  23  feet  3  inches  high,  and  used 
chiircoal  as  fuel.  To  promote  uniform  descent  of  the  chaige  the 
shaft  was  divided  by  a  vertioal  partition.     This  furnace  was  subse- 
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quently  replaced  by  one  with  five  tuyeres,  thi-ec  in  the  rear  wall  and 
one  in  each  side  wall. 

The  old  furnaces  of  the  Lower  Harz  had  one  or  two  tuyeres  in 
the  rear  wall,  a  fixed  forohearth,  and  were  trapezoidal  in  plan.    The 
front  wall  was  vertical,  whilst  the  back  wall  sloped  towards  it  going 
upwards,  so  that  the  furnace 
tap 
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feet  7  inches  high,  had  independent  forehearths  and  boshes  like  an 
iron  smelting  blast  furnace.  Their  construction  is  shown  in  Fig.  110. 
The  number  of  tuyeres  was  at  first  two,  and  subsequently  three. 
The  charging  was  by  horizontal  layers.  In  the  figure,  s  is  the  inner 
shaft,  /  the  so-called  filling  between  the  shaft  walls  and  the  outer 
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walls,  r  the  outer  wall,  o  the  hearth  stone,  ^t  the  taphole  block,  which 
separates  the  two  eyes  or  tapholes,  m  a  chimney  for  drawing  off 
fumes  from  the  working  side  of  the  furnace,  v  one  of  the  pair  of 
receivers  (forehearths)  for  the  collection  of  the  molten  products. 
The  slag  flows  from  these  receiver  into  slag  pots  z,  whilst  the 
matte  was  tapped  off  into  a  granulator;  the  latter  was  used  for 
some  time  in  Mansfield  to  enable  the  matte  to  be  more  readily 
pulverised  for  the  Gerstenhofer  Calciner.  These  furnaces  have  been 
replaced  by  the  modem  circular  furnaces. 

The  older  Russian  furnaces  (Siberian  furnaces)  such  as  were  being 
TxSed  at  Kedabeg  in  the  Caucasus  whilst  the  author  was  there,  were 
rectangular  in  plan  and  had  six  tuyeres  in  the  rear- wall ;  the  furnace 
was  about  16  feet  6  inches  high,  7  feet  6  inches  long,  and  2  feet 
3  inches  wide. 


Modern  Furnaces 

These  are  round,  rectangular  or  oval  in  plan,  with  symmetrically 
distributed  tuyeres,  and  are  charged  in  horizontal  layera. 

FURNACES  OF  CIRCULAR  CROSS-SECTION 

These  may  be  either  built  of  brick  or  water-jacketed. 

The  furnace  used  at  Oker  is  shown  in  Figs.  Ill  to  115.  It  is 
19  feet  9  inches  high,  4  feet  in  diameter  at  the  bottom,  4  feet  3  inches 
at  the  tuyeres,  and 

5  feet  9  inches  at  \a  I  >»./ 

the  throat.  It  has 
a  fixed  forehearth 
{sumpfofen).  With 
a  blast  pressure  of 
14  inches  of  mer- 
cury it  smelts  in 
24  hours  20  tons 
of  a  charge  con- 
taining 11 J  tons  y  .  .  ■ 
of  ore;  the  con- 
sumption of  coke 
is  33  per  cent,  of  the  weight  of  the  ore,  equal  to  20  per  cent,  of 

that  of  the  charge. 

The  furnace  used  at  Brixlegg  in  the  Tyrol  Is  23  feet  high,  5  feet 
7  inches  in  diameter  at  the  throat,  and  4  feet  at  the  tuyeres,  and 
smelts  in  24  hours  12  tons  of  quartzose  copper  ores  with  a  coke 
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coDsiimption  equal  to  35  per  cent,  of  the  weight  of  the  ore,  and  with 
a  blast  pressure  of  08  IfO  09  inch  of  mercury. 

The  Mansfeld  circular  furnace  is  shown  in  Figs.  116  and  117.  It 
has  a  crucible  hearth,  is  from  24  feet  to  29  feet  6  inches  high,  and 
has  six  tuyeres,  at  a  height  of  3  feet  7  inches  above  the  furnace 
bottom.    Its  diameter  at  the  tuyeres  is  from  5  feet  3  inches  to  6  feet 


2  inches,  and  at  the  throat  7  feet  3  inches.  A  is  the  shaft,  6  the  slag 
notch,  out  of  which  the  slag  runs  through  two  receivers  into  movable 
siag  pots.  The  matte  tapped  from  the  furnace  runs  through  the 
gutter  a  into  sandbeds ;  it  used  formerly  to  be  granulated  in  the 
vessel  e,  which  was  filled  with  water.  There  are  four  flues  at  j  to  take 
the  gases  off  into  the  gas  main  v.  In  a  number  of  furnaces  the 
gases  are  utilised  for  heating  the  blast.  The  furnace  is  charged  by 
means  of  a  cone  terminating  in  a  cylinder  below,  which  can  be  raised 
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and  lowered  inside  a  hopper  (modified  cup  and  cone).  The  tuyeres 
and  the  matte  taphole  are  cooled  by  means  of  water. 

Those  furnaces  will  put  through  up  to  165  tons  of  Knpferschiefer 
in  24  hours  with  a  consumption  of  coke  equal  to  16  per  cent,  of  the 
schist,  the  quantity  smelted  depending  on  the  pressure  of  the  blast 
(ranging  from  2'9  to  4-4  inches  of  mercury)  and  the  area  of  the 
tuyere  section  of  the  furnace. 

The  circular  water-jacket  is  used  rather  for  the  production  of  rich 
matte  and  of  black  copper  than  for  smelting  poor  ores,  the  latter 


being  preferably  treated  in  furnaces  rectangular  or  elliptical  in  cross- 
section,  with  the  object  of  getting  a  larger  output. 

A  furnace  much  used  in  the  Western  States  for  the  smelting  of 
oxidised  ores  and  the  production  of  black  copper  or  of  rich  mattes  is 
a  crucible  furnace  with  circular  cross-section,  as  shown  in  Figs.  103 
and  104.^  Its  diameter  at  the  tuyeres  is  3  feet  6  inches  to 
3  feet  10  inches ;  the  height  from  the  tuyeres  to  the  throat  is 
6  feet  to  9  feet.  A  is  the  shaft,  B  the  water-jacket ;  cold  water  enters 
the  latter  through  the  pipe  F  and  flows  out  through  C.  The  water 
consumption  is  850  to  1700  gallons  per  hour.  Cis  the  blast  main, 
D  the  tuyeres.  At  S  there  are  openings,  generally  closed,  wbicli 
'  Peters,  op.  cii.  p.  266. 
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allow  iron  bars,  etc.,  to  be  introduced  into  the  furnace.  L  is'the  slag 
gutter,  0  the  taphole  for  matte  or  black  copper.  The  furnace  is 
supported  on  four  cast-iron  columns  R.  The  crucible  is  built  up  of 
brickwork  and  clay  and  is  supported  by  the  cast-iron  plate  P.  which 
is  cooled  by  the  external  air.  The  furnace  is  covered  with  a  hood  H 
which  is  connected  with  the  chimney  K.  Such  a  furnace  puts 
through  40  to  80  tons  of  charge  in  24  hours.  It  is  blown  by  a  Baker 
blower,  which  makes  100  to  200  revolutions  per  minute,  delivering 
about  2000  cubic  feet 
of  blast. 

Another  furnace, 
used  for  smelting  in 
the  Uuiled  States  is 
shown  in  Figs.  118 
and  119.  It  is  worked 
as  shown  with  a  fore- 
hearth.  The  furnace 
is  supported  on  four 
columns,  A  blast  main 
n  surrounds  the  fur- 
nace, and  from  it  the 
blast  enters  the  fur- 
nace by  six  to  eight 
tuyere  holes  n.     The 


furohi-arth  T,  in  which  the  molten  material  accumulates,  is  made 
of  cast-iron  lined  with  fireclay,  and  is  fitted  with  a  removable 
cover.  The  lining  of  the  bottom  rests  on  a  bed  of  stag.  There 
are  a  taphole  m  for  the  matte  and  a  slag  notch  p  in  the  fore- 
hearth  T,  which  runs  on  wheels  and  can  be  pushed  close  up  to  the 
outflow  of  the  furnace,  a  thin  layer  of  slag  sealing  the  two  firmly 
together.  Matte  and  slag  separate  perfectly  within  this  foreheartb. 
Id  order  to  keep  the  outlet  open,  a  minimum  of  20  tons  must  be  put 
ihruugh  the  furnace  in  24  hours. 
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FURNACES  RECTANGULAR  IN  CROSS-SECTION 

These  furnaces  may  be  either  built  of  brick  or  water-jacketed 
The  Orford  furnace  is  a  brick  furnace ;  its  construction  is  shown  in 
Figs.  120  to  122.  It  is  used  at  the  Orford  Works  in  New  Jersey  for 
smelting  cupriferous  p3rrites,  and  is  a  modified  or  improved  Raschette 
furnace.  It  is  rectnngular  in  plan  with  vertical  walls;  instead  of 
tuyeres,  there  are  openings  in  the  brickwork  into  which  the  blast 
pipes  project  for  a  certain  distance.  It  has  an  independent  forebear th 
situated  in  the  centre  of  one  of  its  longer  sides.  It  is  said  that  in  the 
most  recent  patterns,  the  brickwork  about  the  tuyere  openings  is 
cooled  by  means  of  built-in  iron  pipes,  through  which  water 
circulates. 

Its  dimensions  in  plan  are  3  feet  5  inches  by  11  feet  8  inches 
inside  and  8  feet  5  inches  by  16  feet  8  inches  outside.     The  height 
depends  upon  the  amount  of  iron  in  the  ore  :  for  cupriferous  pyrites 
it  measures  8  feet  from  the  level  of  the  tuyeres  to  the  bottom  of  the 
charging  door.     The  bottom,  which  is  made  of  firebrick,  is  situated 
up  to  10  inches  below  the  tuyeres ;  in  the  middle  it  slopes  towards 
the  outlet   in  the  front  side  of  the  furnace.     There  are  fourteen 
blast  pipes,  6  in  the  rear  wall,  2  in  each  of  the  short  sides,  and 
4  in   the  front  wall ;    each   pair  of  blast   pipes   traverses    arches 
through  which  they  enter  the  firebrick  lining.     The  blast  pipes  are 
connected  with  the  blast  main  B  by  means  of  leather  tuyere  boots. 
As  is  shown  in  Figs.  121  and  122,  the  blast  pipes  do  not  go  up  to  the 
inner  face  of  the  brick  lining,  but  only  enter  a  short  way,  and  are 
made  air-tight  by  means  of  clay.     The  molten  materials  flow  from  the 
outlet  of  the  furnace  into  a  foreliearth  z,  which  is  divided  into  two 
compartments  communicating  with  each  other.     It  is  built  of  cast- 
iron  plates,  is  4  feet  long  by  3  feet  6  inches  broad,  and  is  lined  with 
firebrick.     A  partition  of  firebrick,  9  inches  thick,  divides  it  into 
two  compartments,  a  larger  and  a  smaller,  the  respective  areas  of 
which  are  as  5 :  2.      There  is  a  low  slot  in  this  partition  at  the  very 
bottom  of  the  vessel.     Each  compartment  has  its  taphole,  ?/  and  x  ; 
that  of  the  smaller  compartment  being  at  a  lower  level  than  that  of 
the  larger.     The   molten  material,  matte,  and  slag  flow  from   the 
furnace  into  the  larger  compartment ;  by  means  of  the  manipulation 
already  explained,  matte  is  kept  continuously  flowing  from  the  notch 
7/  whilst  slag  flows  continuously  from  the  slag  notch  x. 

If  the  matte  contains  over  60  per  cent,  of  copper  it  is  apt  to  sot 
on  the  bottom  of  the  forehearth  whilst  the  latter  is  being  filled,  and 
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thus  to  close  up  the  slot,  whilst  if  it  contains  under  25  per  cent,  it 
rapidly  cuts  away  the  lining  and  cracks  the  cast-iron  plat«3.  Such  a 
furnace  will  put  through  90  to  95  tons  of  easily-fusible  cupriferous 
pyrites  in  twenty-four  hours,  with  a  blast  pressure  of  0'8  inch  of 


mercurj-  and  a  coke  consumption  equal  to  15  i>er  cent,  of  the  weight 
of  the  ore. 

Another  water-jacketed  furnace  rectangular  in  cross-section,  which 
is  also  employed  in  the  United  States,  is  shown  in  perspective  eleva- 
tioo  in  Fig.  125.     It  is  built  up  of  cast-iron  water-jackets,  has  boshcH 
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and  a  crucible  hearth.  There  are  fourteen  tuyeres,  five  in  each  of 
the  longer  and  two  in  each  of  the  shorter  sides.  Its  dimensions  at 
the  tuyere  level  are  5  feet  6  inches  by  2  feet  9  inches ;  the  boshes 
commence  10  inches  above  this  level,  and  are  30  inches  in  height,  the 
dimensions  there  being  6  feet  6  inches  by  3  feet  9  inches.     The 


section  of  the  furnace  widens  from  this  poiut  for  a  height  of  7  feet  6 
inches  to  V  feet  3  inches  by  4  feet  6  inches,  and  then  continues 
parallel  up  to  the  throat,  which  is  10  feet  6  inches  above  the  tuyeres. 
The  slag  notch  is  6  inches  below  the  tuyeres,  and  the  crucible,  which 
is  lined  with  firebrick,  is  14  inches  deep.  Carbonates  and  oxides  of 
copper  have  been  smelted  in  this  furnace  at  Clifton,  Arizona,  where 
it  gave  very  satisfactory  results. 
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A  water-jacket  furnace  with  two  rows  of  wrought-iron  sectional 
jackets  is  shown  in  Figs.  123  and  124.^  The  upper  jackets  B  are 
supported  by  the  columns  Z,  whilst  the  lower  jackets  A  rest  on  the 
bedplate  carried  by  the  posts  K,  The  furnace  has  a  crucible.  The 
inside  area  at  the  tuyeres  is  32  inches  by  72  inches.  JTjSTare  the 
matte  tapholes  with  spouts,  and  if  if  the  slag  notches.  Such  a  furnace 
puts  through  from  60  to  120  tons  of  ore  in  24  hours,  according  to  the 
character  of  the  ores. 

A  large  water-jacket  of  high  capacity  is  in  operation  at  the  works 
of  the  Hall  Mines  Co.,  Ltd.,  in  British  Columbia.^  It  is  144  inches 
by  44  inches  at  the  tuyeres,  144  inches  by  64  inches  at  the  top  of  the 
water-jackets,  which  are  5  feet  6  inches  high,  and  160  inches  by  72 
inches  at  the  charging  door,  which  is  12  feet  6  inches  above  the  tuyeres. 
There  are  16  tuyeres,  8  in  each  longer  side,  4'75  inches  in  diameter, 
24  inches  above  the  bottom  of  the  furnace.  The  furnace  is  a  crucible 
furnace,  the  hearth  resting  upon  a  cast-iron  plate.  The  slag  flows 
continuously,  whilst  the  matte  is  tapped  out  intermittently.  The 
furnace  has  smelted  up  to  308  tons  in  24  hours  ;  in  60  days  a  total  of 
14,676  tons  of  charge,  of  which  1,587  tons  were  barren  flux,  has  been 
smelted  with  a  consumption  of  14*5  to  16  per  cent,  of  coke. 

FURNACES  OVAL  IN  CROSS-SECTION 

To  this  class  belong  the  Skinder  and  the  Herreshof  furnaces,  the 
former  being  a  brick-builb  furnace,  the  latter  a  water-jacket. 

The  Skinder  furnace  is  said  to  have  done  good  work  at  Nishni- 
Tagilsk,  in  the  Urals,  where  it  is  used  for  smelting  a  mixture  of 
sulphuretted  and  oxidised  copper  ores.  Figs.  12.6  to  129  show  its 
construction ;  it  has  ten  tuyeres,  and  three  of  its  walls  have  boshes, 
the  front  wall  being  vertical.  The  hearth  is  of  the  crucible  pattern. 
K  is  the  charging  door  and  L  the  blast-heating  apparatus,  which 
raises  the  temperature  of  the  air  to  about  100°  C. 

The  Herreshof  f^trn ace  is  a  very  large  water-jacket,  and  has  been 
used  with  very  good  results  at  the  Nicholson  Works,  near  Brooklyn. 
It  is  shown  in  sectional  elevation  and  plan  in  Figs.  130  and  131.  H 
is  the  water-jacket,  made  of  boiler  plate,  the  water  space  being 
2  inches  wide.  The  furnace  is  10  feet  high  from  the  bottom  to  the 
throat ;  its  dimensions  are  6  feet  4  inches  by  3  feet  6  inches  at  the 
bottom,  and  7  feet  3  inches  by  4  feet  5  inches  at  the  throat.  The 
tuyeres  are  26  inches  above  the  bottom ;  there  are  thirteen  tuyeres, 

^  Peters,  op.  cif^  p.  268. 

2  7'he  Mineral  Indmtry,  1898,  vol.  vL  p.  225. 


five  in  each  long  side  and  three  in  the  the  rear  side.     K  is  the  blast 
main.    The  furnace  has  an  independent  forehearth  T,  surrounded  by 


a  water-jacket,  with  a  brick-lined  bottom  and  removable  cover.  The 
siag  flows  out  through  a  slag  notch  near  the  to]),  whilst  the  matte  is 
lapped  out  through  a  taphole,  fitted  with  a  bronze  water  block  like 


METALLURGY 


a  LUrmami  slag  tuyere,  situated  close  to  the  bottom  of  the  fore- 
hearth.  The  bottom  of  the  furnace  consists  of  a  dished  iron  plate 
bolted  to  the  bottom  edge  of  the  water-jacket.  Upon  this  there  is  a 
thin  layer  of  sand  and  then  a  bed  of  firebrick,  upon  which  the  molten 


niatttT  is  allowed  to  set  solid  up  to  the  level  of  the  furnace  outk't, 
through  which  the  matte  and  slag  run  into  the  forehearth.  Whilst 
the  furnace  is  in  operation,  the  level  of  the  molten  materials  is  kept 
above  the  upper  edge  of  the  outlet,  so  that  no  blast  can  blow  through 
it,  and  with  this  object  the  stag  notch  is  also  stopped  with  clay  during 
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the  tapping.  The  outlet  is  9  inches  high  and  7  inches  wide.  This 
furnace  smelts  100  to  110  tons  of  ore  in  twenty-four  hours,  with  a 
consumption  of  coke  equal  to  18  per  cent,  of  the  weight  of  the  ore. 

The  forehearth  must  be  removed  from  time  to  time  and  repaired, 
as  accretions  of  iron  and  of  matte  form  in  it.  A  forehearth  lasts  from 
two  to  thirty  days,  according  to  the  character  of  the  slag  and  the 
amount  of  copper  in  the  matte.  In  order  not  to  stop  the  furnace, 
the  forehearth,  when  removed,  is  immediately  replaced  by  a  fresh 
one. 

THE   PROCESS   OF  ORE  SMELTING 

The  method  of  conducting  the  operation  depends  on  the  character 
of  the  ores,  the  kind  of  fuel,  and  the  shape  and  size  of  the  furnace. 
As  a  rule,  it  should  be  carried  on  by  horizontal  charging  and  with  a 
cold  top.  The  weight  of  the  charge  also  is  variable  with  the  con- 
ditions above-named ;  when  charcoal  was  used  as  fuel  the  heaviest 
charge  has  been  3  cwts.  With  coke,  in  large  furnaces,  it  may  exceed 
1  ton,  and  is,  for  instance,  1'2  tons  at  Mansfeld,  where  the  Kupfer- 
schiefer  is  treated,  and  up  to  2  tons  in  the  large  American  furnaces, 
running  on  cupriferous  pyrites. 

The  charge,  fuel  ratio,  quantity  and  pressure  of  blast  must  all  be 
regulated  so  that  the  slag  shall  not  contain  over  ^  per  cent,  of 
copper  and  so  that  no  iron  bears  may  form ;  as  already  pointed  out, 
these  latter  may  result  from  either  too  much  or  too  little  silica  in 
the  slag.  Before  any  attempt  is  made  to  alter  the  charge,  care  must 
be  taken  that  the  real  cause  of  the  trouble  is  understood,  as  it 
happens  at  times  that  more  silica  is  added  to  an  already  too  siliceous 
miiture  in  the  belief  that  the  difficulty  arises  from  too  high  a  pro- 
portion of  iron.  In  water-jacketed  furnaces  with  independent  fore- 
hearths  these  troubles  are  far  less  serious  than  in  brick  furnaces, 
because  the  brickwork  of  the  latter  is  also  apt  to  be  involved,  whilst 
there  is  also  the  danger  that  bears  may  form  inside  the  furnace, 
when  the  latter  is  of  the  crucible  or  of  the  fixed  forehearth  type. 

PRODUCTS  OF  THE   FUSION 

In  addition  to  coarse  matte  and  slags,  the  smelting  of  copper  ores 
often  produces  speiss  and  bears  of  iron ;  when  the  ore  is  over-roasted 
a  certain  amount  of  black  copper  may  also  be  formed.  The  latter  is 
very  impure,  and  is  either  resmelted  in  the  ore  or  matte  furnace,  or, 
when  rich  in  silver  and  gold,  is  treated  by  wet  methods. 

Coarse  matte,  which  is  to  be  roasted  and  smelted  for  coarse 
copper,  ought   to   contain  from    35    per  cent,  to  50   per   cent,  of 
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copper.  Formerly,  in  some  places,  e,g,,  in  Sweden,  with  ores  rich  in 
sulphur  and  insuflScient  roasting,  mattes  used  to  be  made  carrying 
only  8  per  cent,  to  12  per  cent,  of  copper,  the  further  treatment  of 
which  involved  heavy  expenses.  Besides  copper  and  iron,  the  matte 
may  contain  larger  or  smaller  quantities  of  zinc,  lead,  nickel,  cobalt, 
and  silver.  In  many  mattes  there  is  enough  sulphur  present  to  form 
monosulphides  of  the  metals  (except  of  copper,  which  is  always  present 
as  cuprous  sulphide,  CugS),  whilst  in  others  there  is  so  little  sulphur 
that  the  metals  must  either  be  present  as  subsulphides  or  in  the  free 
state,  the  latter  being,  as  already  stated,  the  preferable  view  in  the 
case  of  iron. 

The  following  table  shows  the  composition  of  certain  mattes  that 
\\  ere  smelted  direct  for  coarse  copper : — 


Localities. 


Cii 
Fe 
Zn 

Ni 
CO 
Pb 

Ag 
I     S    . 


} 


Oker 
(r»ld  process). 


57-6— 61-9 
11  1— 16-9 

11—  21 

0    —  1-4 

0  06 
24-9— 24-3 


FahluQ. 
(old  process). 


8-3—12 
55-8— 62-9 
1-2—  2-9 


0-6-  3  9 
25-6— 27-2 


Kudabcg  in  the 
Caucasus. 


43-8 
28-65 
0-257 

1^1 

0-281 

0-086 

23-667 


The  composition  of  the  slags  has  already  been  referred  to  {see  p.  114): 
some  of  these  are  added  to  the  slag  charge.  If  they  contain  much 
copper  they  must  be  resmelted,  in  some  cases  with  the  addition  of 
raw  ores. 

Speiss  is  often  produced  intentionally  to  prevent  arsenic  and 
antimony  from  passing  into  the  matte :  it  always  takes  up  a  certain 
amount  of  the  silver  present.  The  follo>ving  is  the  composition  of 
two  varieties :  — 


Locality. 


Cu 
Pb 
Fo 

Ni. 
Co 
Sb 
As 

Ag 
All 
S  . 
Bi. 


SchmSllnitz. 


12-99 
0  09 

12-63 
1-40 
0-09 

60-00 
7-42 
0-36 
0-06 
2  04 
1-26 


NeuBohl. 


41-18 
0-69 

35-41 
0-09 
0-04 

10-79 
6  10 
0  03 

2-60 
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These  speiss  are  worked  separately  to  recover  the  copper,  gold  or 
silver  that  they  contain. 

The  iron  bears,  sows  or  salamanders  consist  principally  of  metallic 
iron,  together  with  copper  and  other  metals  and  their  compounds 
with  sulphur,  phosphorus,  silicon,  carbon,  antimony  and  arsenic  ;  the 
iron  is  produced  by  reduction  of  its  oxides  or  by  separation  from 
mattes  that  were  over  satuated  with  this  metal. 

After  suitable  preparatory  treatment,  the  copper  and  other 
valuable  metals  present  are  extracted  as  far  as  possible.  With 
this  object  the  bears  are  broken  up  either  by  sledge-hammers  or  by 
blasting,  and  smelted  in  shaft  furnaces  with  raw  ore  for  matte.  Or 
else  they  may  be  scorified  (verblasen)  on  hearths  or  smelted  in  rever- 
beratory  furnaces  with  sulphuretted  ores,  or  treated  with  acids  after 
the  matte  has  been  liquated  out  from  them. 

The  other  bye  products  of  smelting  calcined  copper  ores,  such  as 
furnace  residues,  dross,  skimmings,  &c.,  when  they  contain  copper,  are 
added  to  the  furnace  charges,  sometimes  after  having  first  been 
concentrated  by  washing. 

COSTS  OF  ORE   SMELTING 

According  to  Peters  ^  the  costs  of  smelting  copper  ores  (roasted 
cupriferous  pyrites,  maganiferous  silver  ore  and  siliceous  ores  carrying 
some  silver,  gold  and  copper)  containing  5  J  per  cent,  of  copper,  to  a 
matte  containing  40  per  cent,  of  copper,  and  slag  with  0*45  per  cent, 
of  copper,  in  a  water-jacket,  having  an  area  of  36  inches  by  132 
inches  at  the  tuyere  level,  and  putting  through  100  tons  in  24  hours, 
in  the  United  States,  are  about  as  follows  : — 

Costs  for  Costs  per 

24  hours.  ton  of  ore. 

Labour $3376  $0-33-7 

Fuel 95-93  0-95-9 

Blast 21-22  0-212 

Supplies,  repairs  and  renewals  .  18*37  018'4 

Retreating  flue  dust    ....  2244  0-22-4 

Retreating  foul  slag    ....  196  002 

Miscellaneous  trifles    ....  888  009 

Grand  total     ....    $202*56  $202*6 

General  charges  are  not  included  in  these  figures. 

1  Op.  cif.  p.  368. 
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CALCINATION  OF  THE  MATTE 


For  the  production  of  coarse  copper,  matte  is  roasted  dead  or  sweet, 
that  is  to  say,  it  is  roasted  until  almost  all  the  sulphur  is  got  rid  of; 
a  small  quantity  of  sulphur  must  be  left,  in  order  to  sulphurise  any 
copper  that  might  otherwise  pass  into  the  slag,  and  to  collect  it  in  a 
matte.  It  is  therefore  better  not  to  roast  enough  than  to  roast  too 
much. 

The  object  of  this  calcination  is  to  convert  copper,  iron,  and  all 
other  non-volatile  metals  into  oxides,  the  sulphur  escaping  as  sulphur 
dioxide,  and  arsenic  and  antimony  being  also  driven  off  as  far  as  possible, 
whilst  a  very  small  quantity  of  the  sulphides  of  iron  and  copper 
remains  undecomposed.  The  chemical  reactions  in  matte  roasting 
are  identical  with  those  of  ore-roasting,  except  that  the  calcination  is 
carried  further.  The  products  of  the  operation  are  a  mixture  of  oxide 
of  copper,  peroxide  and  magnetic  oxide  of  iron,  and  oxides  of  the 
other  metals,  together  with  small  quantities  of  sulphates  and  un- 
decomposed sulphides.  The  calcination  can  be  performed  in  heaps, 
stalls,  shaft  furnaces,  reverberatory  and  mufHe  furnaces. 

Matte  roasting  in  heaps  has  the  disadvantages  already  mentioned 
under  ore  roasting.  It  liberates  sulphurous  fumes  and  when  repeated 
calcinations  are  required,  involves  the  lying  idle  of  a  large  amount  of 
capital ;  its  great  advantage  is  that  the  calcined  matte  is  delivered 
to  the  smelting  furnaces  in  lump  form.  It  is  now  but  rarely  used, 
and  then  only  in  districts  where  the  sulphurous  fumes  can  do  no 
damage,  and  where  sulphuric  acid  has  no  marketable  value ;  on  the 
other  hand  it  is  often  employed  as  a  finishing  roast  for  mattes  that 
have  been  previously  calcined  in  shaft  furnaces. 

Stall  roasting  is  no  cheaper  than  heap  roasting,  requires  an 
expensive  plant  and  is  unhealthy  for  the  men  engaged  in  emptying 
the  stalls ;  on  the  other  hand  it  presents  the  advantage  that  the 
injurious  effect  of  the  gases  evolved  may  be  more  or  less  completely 
neutralised  by  leading  them  into  high  stacks.  When  this  is  not  an 
object,  heap  roasting  under  cover  (to  prevent  any  sulphate  of  copper 
from  being  leached  out  by  rain-water)  is  preferable  to  stall  roasting. 
The  latter  method  also  leaves  the  roasted  matte  in  lump  form.  It 
too  is  used  for  the  finishing  roasting  of  matte  previously  roasted  in 
shaft  furnaces. 

Calcination  in  shaft  furnaces  with  or  without  previous  crushing  of 
the  matte  is  used  when  the  sulphurous  fumes  cannot  be  allowed  to 
escape  into  the  air,  or  are  to  be  used  in  the  manufacture  of  sulphuric 
acid.     In  this  method  the  matte  cannot  be  roasted  sweet,  nor  can 
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matte  rich  in  copper,  and  apt  to  frit  readily,  be  treated  by  it.  It  is  not 
possible  in  this  way  to  reduce  the  sulphur  below  10  to  14  per  cent., 
wherefore  this  mode  of  roasting  can  only  be  looked  upon  as  preliminary, 
to  be  followed  by  a  second  roasting  in  stalls  or  heaps  for  lumps,  or 
iu  reverberatory  furnaces  for  crushed  matte. 

ReverberrUory  furnace  calcination  is  the  best  for  matte,  as  it 
allows  of  large  quantities  being  roasted  sweet  in  the  shortest  possible 
time.  Its  disadvantages  are  a  high  consumption  of  fuel,  the 
necessity  of  crushing  the  ore,  which  has  then  to  be  smelted  in  the 
form  of  powder,  and  the  impossibility  of  utilising  the  gases  evolved ; 
on  the  other  hand,  they  can  be  led  into  high  stacks  and  thus  rendered 
less  destructive.  It  should  always  be  employed  when  the  possibility 
of  utilising  the  gases  is  prevented  by  the  absence  of  a  market  for 
sulphuric  acid,  by  the  matte  being  too  rich  in  copper,  or  the  gases 
produced  being  too  poor  in  sulphur.  It  should  be  used  as  a  finishing 
roasting  for  crushed  mattes  that  have  already  been  calcined  in  shaft 
or  in  muffle  furnaces,  as  also  for  similarly  treated  lump  ores  in  cases 
where  the  latter  are  not  to  be  roasted  in  heaps  or  stalls,  with  the 
object  of  saving  time,  and  when  it  is  preferred  to  carry  oflf  the 
sulphurous  gases  in  reverberatory  furnace  stacks,  rather  than  in  the 
stacks  of  roasting  stalls  ;  such  lumps  must  however  first  be  crushed 
before  they  can  be  roasted  in  the  reverberatory  furnace. 

Muffle  furnaces  admit  of  the  sulphurous  gases  being  employed  in 
sulphuric  acid  manufacture,  but  are  only  suited  to  crushed  matte, 
and  entail  a  comparatively  high  consumption  of  fuel.  They  are, 
therefore,  but  rarely  used  in  matte  roasting. 

Dead  Roasting  of  Matte  in  Heaps 

This  is  best  carried  out  under  shelter  to  prevent  the  sulphate  of 
copper  being  leached  out  by  rain-water.  The  process  is  the  same  as 
in  the  case  of  ores  except  that,  on  account  of  the  lower  contents  of 
sulphur  and  greater  richness  in  copper  of  the  matte,  the  heaps  must 
be  smaller,  and  the  calcination  several  times  repeated,  generally  from 
two  to  six  times  according  to  the  nature  of  the  matte,  in  the  case  of 
mattes  containing  much  arsenic  and  antimony  as  often  as  twelve 
times.  The  heaps  may  vary  in  size  from  50  to  150  tons  of  matte. 
For  the  first  roasts  the  heaps  are  made  lower  and  longer  than  for  the 
later  ones,  in  order  to  diminish  as  far  as  possible  the  inevitable 
melting  together  of  the  matte  just  above  the  fuel  bed.  For  the 
subsequent  roasts,  when  the  quantity  of  sulphur  is  less,  the  quantity 
of  wood  in  the  bed  must  be  increased,  and  the  heaps  made  shorter 
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and  higher.  Layers  of  characoal  or  of  chips  of  wood  are  then  also  intro- 
duced in  order  to  destroy  the  sulphates,  arseniates  and  antimoniat.es 
that  may  have  been  formed  during  the  calcination. 

In  the  United  States  the  preference  is  given  to  heaps  containing 
60  to  70  tons  of  matte,  12  feet  square  and  6  feet  high  ;  the  practice 
of  piling  the  heap  round  a  small  chimney  in  order  to  regulate  the 
draught  is  also  recommended.  Whilst  the  author  was  at  Kedabeg  in 
the  Caucasus,  heaps  containing  100  tons  were  in  use  there.  At  the 
Stephanshiitte  in  Upper  Hungary,  the  heaps  average  56  to  84  tons 
capacity,  1  foot  4  inches  high  for  the  first  roast,  and  8  feet  to  9 
feet  high  for  the  tenth  to  the  thirteenth  roasts ;  for  the  fifth  to  the 
seventh  roasts,  charcoal  was  mixed  with  the  matte. 

The  time  occupied  depends  on  the  nature  of  the  matte ;  the  first 
roasts  take  8  to  14  days,  the  subsequent  ones  less  time.  The 
general  average  may  be  taken  to  be  from  6  to  8  weeks  for  dead 
roasting.  During  the  first  roast,  kernels  will  often  be  found  to  form 
in  the  lumps  of  matte. 

Well  roasted  matte  has  a  bluish-black  colour,  is  porous,  sintered 
and  often  shows  metallic  copper  separated  out  in  the  interior  of  the 
lumps  in  consequence  of  the  interaction  of  cuprous  oxide  upon 
sulphide  of  copper  left  undecomposed. 

The  consumption  of  wood  is  very  variable  and  depends  on  the 
character  of  the  matte,  on  its  contents  of  sulphur,  arsenic  and 
antimony,  and  on  the  number  of  calcinations  required.  According 
to  Petere,  in  the  United  States  60  tons  of  matte  require  three  cords 
of  wood  for  each  roast.  At  the  Stephanshiitte  50  tons  of  matte,  which 
had  to  be  calcined  12  to  14  times  on  account  of  its  high  proportion 
of  antimony,  required  459  cubic  feet  of  wood  and  318  cubic  feet 
of  charcoal.  In  the  Caucasus  17  to  20  tons  of  matte  required  two 
cubic  fathoms  of  wood. 

Dead  roasting  of  matte  in  heaps,  which  is  now  rarely  employed, 
was  in  use  in  Sweden,  Norway,  Russia,  the  Upper  and  Lower  Harz, 
Hungary,  and  America. 

Dead  Roasting  of  Mattes  in  Stalls 

This  is  a  more  rapid  process  than  the  last,  but  is  now  seldom 
used,  as  it  has  generally  been  replaced  by  calcination  in  reverberator}' 
furnaces. 

In  the  United  States  (Boston,  Vermont),  stalls  are  in  use  that 
are  provided  with  a  brick  arched  roof  and  a  fire  grate,  and  having 
the  following  dimensions :  Width  5  feet,  length  from  the  back  to  the 
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front  wall  (which  latter  has  to  be  built  up  every  time  the  stall  is 
filled)  6  feet,  height  from  the  grate  to  the  spring  of  the  arch  4  feet  8 
inches,  height  from  the  floor  to  the  grate  1  foot  6  inches.  Flues 
for  the  escape  of  the  gases  are  constructed  in  the  rear  wall.  A  bed 
of  wood  is  laid  on  the  grate  and  upon  it  from  6  to  6  tons  of  matte  are 
piled.  The  first  roast  usually  takes  four  days,  the  following  ones 
three  days.  For  each  charge  from  10  to  20  cubic  feet  of  wood, 
according  to  the  character  of  the  matte,  are  consumed ;  hard  wood  is 
far  more  effective  than  soft. 

At  Lautenthal  matte  is  roasted  in  Wellner  stalls ;  the  length  of 
each  half  of  the  stall  is  11  feet,  and  the  width  12  feet;  the  front 
wall  is  5  feet  7  inches,  and  the  rear  wall  6  feet  6  inches.  There  are 
four  fire  grates  to  each  half,  and  the  gaseous  products  of  ciilcination 
escape  through  openings  in  the  rear  wall  into  a  flue  which  is 
connected  !with  a  chimney  82  feet  high.  When  th«  stall  is 
charged  with  matte,  channels  are  left,  which  are  filled  with  pieces  of 
coke  and  wood.  The  charge  amounts  to  10  tons  of  matte  and  the 
time  of  calcination  is  10  days. 

Heine  ^  has  recommended  for  matte  roasting  stalls  6  feet  square 
and  5  feet  high,  which  were  to  take  10  tons  of  matte  for  the  first 
calcinations  and  5  to  6  tons  for  the  later  ones. 

Calcination  in  Shaft  Furnaces 

These  furnaces  are  used  for  the  preliminary  roasting  of  mattes, 
the  sulphurous  gases  from  which  it  is  proposed  to  utilise ;  to  remove 
the  sulphur  completely  a  finishing  roast  must  be  given  in  heaps, 
stalls,  or  reverberatory  furnaces. 

For  matte  in  lump  form,  kilns,  as  previously  described,  see  p.  53, 
are  employed.  Mattes  containing  over  50  per  cent,  of  copper  are  too 
readily  fusible  to  be  suitable  for  kiln  roasting.  Pyrites  burners  are 
not  high  enough  to  be  suitable  for  calcining  mattes.  In  order  to 
prevent  the  lumps  from  fritting,  more  or  less  roasted  matte  is  mixed 
with  the  raw  matte,  according  to  the  fusibility  of  the  latter.  By  this 
addition  it  is  possible  to  prevent  accretions  forming  in  the  kiln, 
but  its  capacity  as  regards  raw  matte  is  of  course  proportionately 
diminished.  At  Altenau,  in  the  Harz,  kilns  4  feet  9  inches  wide, 
5  feet  8  inches  long,  and  9  feet  2  inches  high  will  put  through  1*25 
tons  of  matte  (0*75  ton  raw  and  0*5  ton  roasted)  in  twenty-four 
houri  In  the  modem  kilns  at  Oker  which  are  13  feet  high,  ^  feet 
wide,  and  7  feet  6  inches  long  (whereas  the  old  ones  were  13  feet 

*  Bergmanns/reund,  i.  61. 


148  METALLURGY 

high,  4  feet  6  inches  wide,  by  8  feet  long),  3  tons  of  matte  containing 
32  to  39  per  cent,  of  copper,  20  to  30  per  cent,  being  calcined  matte, 
are  treated  in  twenty-four  hours.  After  this  roasting  at  least  three 
other  roasts  are  required  to  roast  it  dead,  as  calcination  in  the 
shaft  furnace  only  brings  the  sulphur  down  to  between  8  and  10  per 
cent. 

For  crushed  mattes  the  Gerstenhofer  furnace  is  the  only  one  that 
has  been  used.  The  matte  on  being  tapped  is  granulated  and  then 
ground.  The  objection  to  this  furnace  is  the  great  amount  of  flue 
dust  that  it  produces ;  in  one  of  them  at  Mansfeld  (where  they  were 
used  at  one  time,  but  were  taken  down  on  account  of  the  objection 
just  named)  10  to  15  tons  of  coarse  matte  could  be  roasted  from  25  to 
29  per  cent,  of  sulphur  down  to  12  to  14  per  cent.  Of  course  this 
calcination  had  to  be  followed  by  a  dead  roasting  in  reverberatories. 
No  other  form  of  shaft  furnace  has  yet  been  tried,  nor  are  these  like!)' 
to  give  satisfactory  results,  seeing  how  apt  the  matte  is  to  frit 
together. 

Calcination  in  Reverheratory  Furnaces 

This  is  the  best  and  most  convenient  method  for  roasting  matte. 
Any  of  the  already  described  furnaces  may  be  employed,  but  their 
stacks  should  be  as  lofty  as  possible.  As  the  matte  contains  less 
sulphur  than  the  ores,  more  fuel  will  be  required  for  its  calcination 
and  the  output  of  the  furnaces  will  be  less. 

At  Altenau  in  the  Oberharz  5  tons  of  matte  are  roasted  from 
20  per  cent,  down  to  2  per  cent,  of  sulphur  in  twenty-four  hours 
in  a  hand- worked  long-bedded  VQWQThQrtitQry  {FortschavfelungsofenX 
with  a  consumption  of  coal  equal  to  12"9  per  cent,  of  the  weight  of 
the  matte. 

At  Brixlegg,  in  a  similar  furnace,  3  tons  are  roasted  dead  in 
twenty-four  hours,  with  a  consumption  of  46  cubic  feet  of  peat  to  the 
ton  of  matte. 

In  Omaha,  Nebraska,  6  tons  of  matte  are  roasted  from  35  per 
cent,  down  to  3  per  cent,  of  sulphur  per  twenty-four  hours  in  a 
Bruckner  furnace,  with  a  consumption  of  1  ton  of  coal. 

In  a  continuous-acting  rotating  cylinder,  59  feet  long  and  7  feet 
in  diameter,  mattes  containing  76  per  cent,  of  copper  are  roasted 
down  to  1  per  cent,  of  sulphur.  The  cylinder  makes  8  revolutions 
per  hour  and  calcines  10  tons  of  matte  in  24  hours  with  a  con- 
sumption of  J  ton  of  coal  for  firing  and  \  ton  for  motive  jwwer  for 
revolving  the  cylinder. 
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Calcination  in  Muffle  Ftcmaces 

This  is  very  rarely  used,  and  would  only  be  indicated  when 
sulphurous  fumes  cannot  be  allowed  to  escape  into  the  air.  The 
Hasenclever  muffle  furnace  would  probably  be  the  best  adapted  to 
this  purp<jse.  The  author  knows  of  no  instances  where  muffle 
furnaces  are  at  present  employed  for  the  dead  roasting  of  matte. 

SMELTING  THE   ROASTED   MATTE   FOR   COARSE   COPPER 

Dead  roasted  matte  consists  essentially  of  oxides  of  copper  and 
iron  with  small  quantities  of  sulphates  and  undecomposed  sulphides. 
By  smelting  in  shaft  furnaces  the  oxide  of  copper  is  reduced  to  metal 
and  the  oxide  of  iron  to  ferrous  oxide,  which  is  slagged  ofiF.  Any 
copper  sulphate  present  would  be  split  up,  leaving  oxide  of  copper, 
which  is  also  reduced.  A  part  of  the  sulphides  of  copper  and  iron  is 
decomposed  by  the  oxides  of  copper,  forming  metallic  copper  and 
ferrous  oxide,  which  latter  passes  into  the  slag ;  another  part  must 
remain  undecomposed  so  that  the  sulphide  of  iron  may  react  with 
any  silicate  of  copper  that  may  have  been  formed  producing  silicate 
of  iron  and  sulphide  of  copper,  the  latter  combining  with  the  remain- 
ing undecomposed  sulphides  to  form  a  rich  matte  {Diinnstein) :  it  is 
the  production  of  this  matte  that  saves  the  copper  from  being 
slagged  off. 

In  order  to  slag  the  iron,  acid  slags  from  ore  smelting,  slags  from 
fining  or  refining  copper,  or  better  still  oxidised  copper  ores,  contain- 
ing quartz  or  acid  silicates,  are  added  to  the  charge  in  such  quantities 
as  to  form  a  monosilicate  slag. 

The  same  shaft  furnaces  are  used  as  for  ore  smelting ;  they  must 
not  be  too  high  or  the  reducing  action  of  the  carbon  monoxide  would 
be  too  great,  so  that  ferriferous  copper  and  bears  of  metallic  iron  would 
rfeiult.     Charcoal  tends  to  produce  a  purer  copper  than  does  coke. 

In  order  to  prevent  the  formation  of  bears  inside  the  furnace, 
and  to  prevent  the  matte  absorbing  metallic  copper  (which  it  does 
if  left  long  in  contact  with  it),  the  furnace  is  usually  supplied 
with  independent  forehearths,  and  has  two  outflow  apertures  or 
'*eyes"  {Brillenbfen).  Besides  the  objections  just  named,  there  is 
danger,  with  the  two  other  forms  of  hearth,  of  the  metallic  copper 
chilling  in  the  taphole. 

The  blast  pressure  varies  between  0*6  and  12  inches  of  mercury. 
A  furnace,  according  to  its  size,  will  put  through  from  6  to  15  tons  of 
calcined  matte  in  twenty-four  hours  with  a  fuel-consumption  of  be- 
tween 15  per  cent,  and  25  per  cent.  When  the  furnace  with  two  "  eyes  " 
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is  used,  the  fused  materials  are  allowed  to  run  alternately  through 
each  into  the  forehearths  or  wells,  in  which  the  coarse  copper  and 
matte  collect  and  separate  according  to  their  specific  gravities,  whilst 
the  slag  flows  over  the  lips  of  the  forehearths.  Whilst  the  one  "  eye  " 
of  the  furnace  is  stopped,  the  corresponding  well  is  emptied,  by  first 
cooling  the  surface  of  the  matte  and  lifting  it  off  in  thin  layers  and 
then  similarly  taking  oflF  the  coarse  copper  in  discs.  A  coarse  copper 
smelting  campaign  lasts  a  shorter  time  than  a  matte  smelting 
campaign,  because  bears  of  iron  form,  and  the  brickwork  of  the 
furnace  is  rapidly  attacked  by  the  highly  basic  slag. 

Coarse  copper  or  llack  copper  contains,  according  to  the  purity 
of  the  matte,  from  70  to  99  per  cent,  of  copper.  The  coarse  copper 
produced  in  American  works  is  fairly  pure  as  shown  by  the  subjoined 
partial  analyses : — 

Ely  pig  copper.  Ore  Knob  pig  copper. 

Iron     .     .     1*1  to    1"6  per  cent.     .     .       1*4  per  cent. 
Sulphur  .     0-7  to    0*8        „       ...       1*1      „ 
Copper    .  98-4  to  97  2        „       ...      968     „ 

The  composition  of  various  European  black  coppers  is  as  follows :— 


Mousfeld. 

Ftthluu 

Atvidaberg 

Stefanihfltte 

(Sweden.) 

(Sweden). 

(Upper  Hung»ry). 

1 

Cu 

94-52 

94-44 

94-39 

1 

86-50 

Fe 

0-62 

3-29 

2-04 

3-50 

Zn 

109 

0-33 

1-55 

— 

Pb 

1-93 

0  67 

0-19 

— 

Ag 

0  03 

0-07 

0-11 

0-25 

Ni 

0-76 

0-23 

0-63 

trace 

Co 

023 

0-18 

trace 

S 

0-86 

0-75 

0  80 

1-05 

Sb 

1 

1 

— 

8-46 

Black  copper  cannot,  on  account  of  the  impurities  it  contains,  be 
used  as  such  in  the  arts,  but  has  first  to  be  purified.  If,  as  is  often 
the  case,  it  contains  a  considerable  proportion  of  silver,  the  latter  is 
recovered  by  means  of  dry,  wet  or  electrical  methods  (treatment  with 
lead,  amalgamation,  lixiviation  or  electrolysis). 

The  rich  matte  (dunnstein  =  "  thin  matte,"  so  called  because  it  is 
removed  in  thin  discs  from  the  black  copper  over  which  it  collects) 
is  a  matte  containing  up  to  70  per  cent,  or  more  of  copper.  It  is  a 
combination  of  cuprous  sulphide  (CU2S)  with  ferrous  sulphide  (FeS), 
and  is  full  of  vesicular  cavities  in  which  metallic  copper  is  found  in 
mosslike  or  hairlike  forms.  According  to  Plattner,  a  matte  consisting 
of  CujS  and  FeS  has  the  property,  when  molten,  of  dissolving  metallic 
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copper  with  the  formation  of  CugS  and  FcgS;  when. slowly  cooled 
the  metallic  copper  separates  out,  and  FeS  is  again  formed.  Metallic 
silver  is  also  found  in  mattes  rich  in  silver,  the  formation  of  which  is 
explained  in  the  same  way,  Ag^S  and  FcgS  being  formed  at  high 
temperatures,  and  metallic  silver  and  FeS  on  cooling.  According  to 
Munster,  the  copper  in  the  matte  is  reduced  in  consequence  of  a 
reaction  between  the  cuprous  oxide  (in  the  slag)  and  cuprous  sulphide. 
The  sulphar  dioxide  thus  formed  is  said  to  drive  the  metallic  copper 
out  of  the  matte  at  the  moment  of  its  solidification.  According  to 
Hampe  ^  moss-copper  is  produced  owing  to  the  fact  that  cuprous 
sulphide  dissolves  metallic  copper  at  a  temperature  above  the  fusion 
point  of  the  former,  and  deposits  it  again  on  cooling.  On  slow  cool- 
ing the  copper  separates  out  as  a  button,  on  last  cooling,  in  moss- 
like forms. 

This  matte  is,  like  the  coarse  matte,  roasted  sweet  and  smelted 
for  coarse  copper.  The  composition  of  diXnnstcin  is  shown  by  the 
following  analysis  : — 


PhuuixhUtte 

Miuisfeld. 

Fahlun. 

(Upper  Hungary). 

Ca 

70-89 

5975 

6000 

Fe 

6-63 

13-82 

16  52 

S 

20-95 

21-96 

22-25 

Zn 

0-52 

1-00 

— 

Pb 

0-60 

408 

— 

Ag 

001 

^■^ 

The  slags  are  generally  monosilicates,  sometimes,  however,  con- 
taining rather  more  silica  than  is  required  by  the  above  ratio.  They 
always  contain  certain  quantities  of  copper  (1  to  3  per  cent,  of 
cuprous  oxide),  and  are  therefore  added  to  the  charge  in  the  ore 
furnace,  where  their  high  content  of  ferrous  oxide  is  available  for 
slagging  siliceous  matter. 

The  following  table  shows  the  composition  of  such  slags  ; — 


Silica  .... 
Ferrous  oxide 
Alumina  .  . 
Lime  .... 
Magnesia  .  . 
Cuprous  oxide 
Zinc  oxide     . 


Mansfeld. 

Fahlun 
(Sweden). 

29-94 

30-93 

45-14 

69-07 

7  31 

— 

5-77 

1-25 

— 

2-42 

not  determined 

5-45 

1 
1 

Roros 
(Norway) 


31  -44 

55-21 

7-86 

4-46 


1  Chtmiker  Ztrj.,  1893,  17,  No.  92. 
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At  Mansfeld,  10  to  12  tons  of  calcined  matte  used  formerly  to  be 
smelted  in  twenty- four  hours  in  a  Brillenofen  19  feet  5  inches  high, 
with  one  tuyere,  with  a  consumption  of  coke  equal  to  25  per  cent. 

At  Brixlegg,  dead  roasted  matte  with  15  per  cent,  of  quartz  and 
15  per  cent,  of  ore-furnace  slag  is  smelted  in  a  furnace  of  the  Pilz 
pattern,  23  feet  high,  4  feet  diameter  at  the  tuyeres,  and  5  feet 
7  inches  at  the  throat,  with  a  blast  pressure  equal  to  0*6  inch  of 
mercury.  A  mixture  of  coke  and  charcoal  is  used  as  fuel.  This 
furnace  treats  8  tons  of  matte  in  twenty-four  hours. 

At  Kedabeg,  furnaces,  16  feet  5  inches  high  by  4  feet  3  inches  by 
5  feet  7  inches,  smelted  in  twenty-four  hours  6  to  7  tons  of  dead- 
roasted  matte,  with  a  consumption  of  charcoal  of  50  per  cent,  of  the 
weight  of  the  matte.  At  present  matte  containing  23  to  30  per  cent, 
of  copper  is  produced  there  by  reverberatory  furnace  smelting ;  this 
is  then  roasted  in  heaps  down  to  three  per  cent,  of  sulphur  and  is 
smelted  in  shaft  furnaces  14  feet  high,  with  three  tuyeres,  using 
anthracite  or  charcoal  as  fuel,  thus  producing  black  copper  with  88  to 
90  per  cent,  of  copper  and  matte  with  50  to  60  per  cent,  of  copper. 
The  fuel  consumption  is  20  to  22  parts  of  anthracite  or  38  to  42  parts 
of  charcoal  to  100  parts  of  roasted  matte.^ 

At  Altenau  in  the  Upper  Harz,  furnaces  with  two  "eyes" 
{Bnllenbfeii)  and  one  tuyere,  from  11  feet  10  inches  to  16  feet  10  inches 
high  and  3  feet  3  inches  in  diameter,  smelted  5  tons  of  dead-roasted 
matte,  with  variable  amounts  of  slag  in  twenty-four  hours,  with  a 
blast  pressure  of  08  inch  of  mercury  and  a  consumption  of  li  tons 
of  coke. 

At  Atvidaberg  and  Fahlun  in  Sweden,  where  black  copper  used 
to  be  produced  by  smelting  dead-roasted  matte,  the  dry  method  has 
been  replaced  by  a  wet  method  of  copper  extraction.  The  furnaces 
were  similar  to  the  previously-described  Sulu-fur7iaccs,  but  were 
narrower,  16  feet  10  inches  in  height,  and  had  a  crucible  hearth.  The 
charge  consisted  of  2  parts  (by  weight)  of  roasted  matte,  0*20  to  0'40 
part  of  ore  furnace  slag,  020  to  0  40  part  of  cupriferous  residues 
(refinery  dross)  and,  under  some  circumstances,  a  certain  quantity  of 
quartz.  The  consumption  of  coke  was  0*6  part  to  2  parts  of  roasted 
matte. 

The  German  Process  of  Copper  Extraction  Combined 

WITH   THE   concentration   OF   MaTTE 

This  process,  as  already  mentioned,  is  made  use  of  when  the  coarse 
matte  is  poor  in  copper,  or  is  contaminated  by  notable  quantities  of 

^  Tht  Mineral  Industry,  1898,  vol.  vi.  p.  246. 
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arsenic  and  antimony  or  lead.  The  first  matte  is  then  only  roasted 
to  a  definite  point,  and  is  then  smelted  to  produce  a  purer  matte, 
richer  in  copper  than  the  first,  in  which  any  'silver  present  will 
also  be  concentrated. 

If  this  matte  (known  as  SparsUin,  answering  about  to  "  blue 
metal ")  is  impure,  containing  As,  Sb  or  Pb,  its  calcination  to  a  definite 
degree  followed  by  a  smelting  of  the  matte  thus  calcined,  may  be 
repeated  one  or  more  times.  This  process  is  spoken  of  as  a  second, 
third,  &c.,  spuren  ("  concentrating  "  or  "  doubling  ").  The  results  of 
these  operations  are  mattes  of  high  purity,  rich  in  sulphide  of  copper 
or  silver,  together  with  slags. 

The  calcination  of  matte  to  a  definite  degree  is  effected  in 
the  same  manner  and  with  the  same  plant  as  have  already  been 
described,  but  it  is  not  carried  as  far  as  dead-roasting.  In  many  cases, 
however,  it  is  carried  so  far  that  together  with  matte  a  certain 
quantity  of  black  copper  is  obtained,  which  takes  up  antimony  and 
arsenic,  together  with  a  great  part  of  the  silver-contents,  and  espe- 
cially the  gold-contents  of  the  matte. 

The  roasted  matte  is  smelted  in  the  same  furnaces  as  are  used  for 
ore  and  for  black  copper  smelting.  In  order  to  slag  ofi"  the  iron, 
additions  are  made  to  the  charge  of  acid  slags  from  the  ore  furnace, 
quartzose  copper  ores,  or  ores  mixed  with  acid  silicates,  in  such  pro- 
portions that  a  mono-silicate  slag  results.  These  slags  always  retain 
over  I  per  cent,  of  copper,  and  are  added  to  the  ore  furnace  charge. 

Concentration  in  shaft  furnaces  has  in  most  works  been  replaced 
by  concentration  in  reverberatories,  because  purer  mattes  are  obtained 
in  the  latter.  On  the  contrary,  mattes  rich  in  lead,  and  which  yield 
lead  on  smelting,  are  more  advantageously  treated  in  shaft  than  in 
rtverberatory  furnaces.  This  is  the  case  with  lead-bearing  copper 
mattes,  as  also  with  the  mattes  produced  in  treating  leady  copper 
ores,  such  as  the  so-called  mixed  ores  at  Oker.  For  example,  at 
Oker,  by  the  smelting  in  shaft  furnaces  of  ores  containing  47 8  per 
cent,  copper,  8*84  per  cent,  lead,  12-56  per  cent,  iron,  and  2411  per 
cent,  sulphur,  which  are  first  calcined  in  shaft  furnaces  down  to  10  to 
12  per  cent,  of  sulphur,  and  then  by  two  heap  roastings  brought  down 
to  5  to  6  per  cent.,  the  products  obtained  are  work-lead,  and  a  matte 
with  16  to  20  per  cent,  copper,  4  to  5  per  cent,  lead,  and  002  per  cent, 
silver.  This  matte  is  then  roasted  in  shaft  furnaces,  And  smelted  in 
shafb  furnaces  with  the  addition  of  siliceous  copper  ore,  known  as 
Knicst,  forming  matte  with  45  per  cent,  copper,  and  005  to  006  per 
Cent,  silver,  and  an  alloy  of  copper,  lead,  arsenic  and  antimony,  con- 
taining up  to  60  per  cent,  of  copper. 
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The  composition  of  various  of  these  mattes  (Spursteine)  as  formerly 
produced  is  shown  in  the  following  table : — 


Cu 
Fe 

Pb 

Ni 
Co 
Zn 

p. 


1 


Freiljeix. 

Altenau. 

Mansfeld. 

51  -37 
18-67 

Okor. 

32—43 
16—20 
14—17 

63-9 
81 
7-3 

64-38 
8-93 
2-95 

6-54 

1-34 

0-2—0-3 
21    24 

20 

24-35 

20-79 

When  the  Simrstein  is  rich  in  copper  it  shows  segregations  of  metallic 
copper  like  the  Dilnnstein,  already  referred  to. 

The  composition  of  the  slags  made  in  this  process  is  shown  by 
the  analyses  in  the  following  table  : — 


Silica 

Alumina  .  .  . 
Ferrous  oxide  . 

Lime 

Magnesia  .  .  . 
Cuprous  oxide  . 
Lead  oxide  .  . 
Antimony  oxide 
Sulphur .... 
Zinc  oxide     .    . 


Mansfeld 
(older  slagR). 


a31— 34-1 
5-6—11-2 

32  -51-5 
5  —171 
0  —  4-6 
0-7—  3-0 


0    —  0-46 


Altonau. 


27-6 
6-5 

54-3 
41 
0-6 
1-4 
4-8 
10 


Oker. 


2714 

17-82 

47-93 

3-41 


1-24 


The  capacity  of  the  furnaces,  blast  pressure  and  fuel  consumption  are 
similar  to  what  they  are  when  dead  roasted  matte  is  smelted. 

At  Oker,  matte  containing  35  to  45  per  cent,  of  copper  used  to  be 
first  roasted  in  kilns  down  to  10  to  11  per  cent,  of  sulphur,  which  was 
further  brought  down  to  4  to  5  per  cent,  by  two  calcinations  in 
heaps ;  it  was  then  smelted  in  shaft  furnaces  with  two  tuyeres,  9 
feet  in  height  from  the  tuyeres  to  the  throat,  with  the  addition  of  20 
to  30  per  cent,  of  Kniest  (clay-slate  containing  copper  pyrites)  with  a 
blast  pressure  equal  to  1  inch  of  mercury,  the  products  being  Spur- 
stein  and  black  copper.  In  24  hours  7  to  8  tons  of  matte  were 
smelted  with  a  consumption  of  coke  equal  to  38  to  40  per  cent  of 
the  charge. 

At  Altenau  in  the  Upper  Harz  mattes  containing  25  to  40  per 
cent,  of  copper  and  9  to   14  per  cent,  of  lead  are  roasted  in  the 
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Icilns  above  described  (sec  page  147)  from  20  down  to  7  per  cent. 
of  copper.  In  24  hours  1"25  tons  of  matte  (0*75  ton  raw  and  0*5 
previously  calcined  matte)  are  put  through.  This  matte  is  smelted 
in  round  shaft  furnaces  3  feet  3  inches  in  diameter  with  two  "  eyes  " 
and  one  tuyere,  yielding  a  concentrated  matte  with  70  per  cent,  of 
copper  and  a  certain  amount  of  coarse  copper.  With  each  100  parts 
of  matte,  140  parts  of  slags  are  charged  ;  the  blast  pressure  is  equal 
to  06  to  08  inch  of  mercury.  In  24  hours  5  tons  of  matte  are 
smelted  with  the  consumption  of  1^  tons  of  coke. 

Examples  of  the  German  Process  of  Copper  Smelting 

At  Altenau  in  the  Upper  Harz,  local  cupriferous  pyrites  together 
with  imported  cupriferous  pyrites  poor  in  silver  are  treated  by  the 
German  process.  The  lump  ores  are  calcined  in  pyrites  burners,  the 
gases  evolved  being  used  for  the  manufacture  of  sulphuric  acid,  whilst 
the  fines  are  roasted  in  long-bedded  calcining  furnaces.  The  burners 
are  4  feet  3  inches  high  above  the  grates  in  the  clear,  6  feet  9  inches 
long  and  4  feet  9  inches  wide.  In  24  hours  6  cwts.  of  raw  and  6  cwts.  of 
partly  calcined  pyrites  are  put  through.  The  long-bedded  calciner 
treats  5  tons  of  pyrites  in  24  hours  with  a  coal  consumption  equal  to 
12*977  per  cent,  of  the  weight  of  the  raw  ore.  The  calcined  ores  are 
smelted  in  a  furnace  with  a  single  tuyere  and  double  taphole,  of  a 
total  height  of  11  feet  2  inches,  and  an  effective  height  of  8  feet 
6  inches,  and  a  mean  width  in  the  clear  of  3  feet  3  inches  at  the 
throat  and  2  feet  8  inches  at  the  tuyere  level.  It  has  two  forehearths. 
The  blast  pressure  is  equal  to  0*8  inch  of  mercury.  The  product  of 
the  smelting  of  the  calcined  lump  ore  is  a  matte,  which  is  roasted  in 
kilns  and  smelted  in  a  furnace  of  similar  type,  producing  black 
copper  and  a  so-called  intermediate  matte.  The  latter  is  crushed, 
roasted  dead  in  long-bedded  calciners  and  smelted  to  black  copper 
and  "  Diinnstein  "  (fine  matte). 

The  same  products  are  obtained  by  smelting  the  calcined  pyrites 
fines ;  the  "  Diinnstein  "  mattes  are  pulverised,  roasted  dead  in  long- 
hedded  calciners,  and  smelted  for  black  copper. 

Copper  ores  rich  in  silver  are  smelted  raw  with  calcined  copper 
ores  low  in  silver.  The  black  copper  obtained  by  smelting  the  calcined 
fines  and  from  the  first  concentrations  is  partially  refined,  granulated 
and  parted  by  sulphuric  acid  to  recover  the  silver,  whilst  the  black 
copper  obtained  by  smelting  the  concentrated  mattes  and  the  "  Dilnn- 
stdn"  are  refined  and  then  parted  electrolytically  to  recover  the 
precious  metals. 
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The  Gjrnun  process  is  still  carried  on  in  but  few  placas,  as  the 
matte-concentration  and  the  fusion  for  black  copper  are  generally 
performed  in  reverberatory  furnaces,  so  that  a  combined  Anglo- 
German  process  results. 

It  was,  for  example,  used  up  to  1890  or  a  little  later  at  Brixlegg 
for  copper  ores  free  from  silver,  these  consisting  of  quartzose  copper 
pyrites  with  15  per  cent,  of  copper.  They  were  in  part  roasted  in 
heaps,  in  part  smelted  raw ;  whilst  the  author  was  in  Brixlegg,  it  was 
proposed  to  replace  heap  roasting  by  roasting  in  long  reverberatory 
furnaces. 

The  ores,  25  per  cent,  roasted  and  75  per  cent,  raw  were,  on 
account  of  the  amount  of  silica  they  contain  (27  per  cent.),  mixed 
with  lime  and  basic  slags  and  smelted  in  Pilz  furnaces.  These 
furnaces  were  23  feet  high,  5  feet  7  inches  in  diameter  at  the  throat, 
and  4  feet  at  the  tuyeres,  and  had  their  hearth  protected  by  cast-iron 
water  boxes.  The  blast  pressure  was  equal  to  0*8  to  0*87  inch  of 
mercury.  In  24  hours  12  tons  of  ore  were  smelted  with  a  consump- 
tion of  coke  equal  to  35  per  cent,  of  the  weight  of  the  ore.  The 
coarse  matte  (Rohstein)  thus  produced  contained  35  per  cent,  of 
copper.  The  slag  containing  01 5  to  0*4  per  cent,  of  copper  was 
in  part  thrown  away  and  in  part  added  to  the  charge  for  coarse- 
copper  smelting. 

The  matte  was  granulated  and  calcined  sweet  in  reverberatory 
furnaces ;  these  latter  were  long  furnaces  with  two  hearths  heated  by 
peat  gas.  Such  a  furnace  held  altogether  3  tons  of  matte,  which 
was  roasted  dead  in  24  hours  with  a  consumption  of  46  cubic  feet 
of  peat  to  the  ton  of  matte.  The  dead-rojisted  matte  was  smelted, 
with  the  addition  of  15  per  cent,  quartz  and  15  per  cent,  ore-furnace 
slag,  for  black  copper,  in  furnaces  with  two  "  eyes,"  the  fuel  consisting 
of  a  mixture  of  charcoal  and  coke.  The  blast  pressure  is  0  6  inch  of 
mercury,  and  8  tons  of  matte  were  smelted  in  24  hours.  The 
products  were  black  copper,  Dilniistcin  and  slag  ;  the  first-named  was 
refined,  the  second  treated  like  the  ordinary  matte,  and  the  slag  added 
to  the  ore-furnace  charge. 

At  Kedabeg,  ores  were  treated  containing  pyrites,  quartz  and 
zinc  blende.  The  lump  ore  was  roasted  in  heaps,  the  fines  in  Gersten- 
hofer  calcinei-s,  and  then  smelted  with  charcoal  for  coarse  matte. 
The  latter,  containing  10  to  30  per  cent,  of  copper,  was  dead  roasted 
in  heaps  and  then  smelted  for  black  copper  and  Dilniistcin  ;  the  latter 
was  roasted  dead  and  also  smelted  for  black  copper.  At  present  the 
ores  are  roasted  in  long-bedded  calciners  and  in  Gerstenhofer  furnaces, 
and  are  smelted  in  rcverberatories. 


COPPER  157 

At  Atvidaborg,  ores  carrying  quartz  and  blende  were  formerly 
roasted  once  in  heaps  and  stalls,  ores  cany^ing  pyrites  twice.  In  order 
to  get  rid  of  the  zinc,  two  layers  of  charcoal  were  interposed  in  the 
ore ;  the  first  roasting  lasted  4  to  6  weeks,  the  second  one  for  the 
pyritic  ores  3  to  4  weeks.  At  first  the  sulphide  of  zinc  was  only 
imperfectly  decomposed,  so  that  on  smelting  the  ore,  a  mixture  of 
sulphides  and  slag  containing  up  to  8  per  cent,  of  copper  known  as 
^kumnas,  was  obtained,  the  further  treatment  of  which  was  attended 
with  difficulties.  Later  on,  by  means  of  a  better  conducted  calcina- 
tion, by  which  the  sulphide  of  zinc  was  converted  into  oxide,  the 
formation  of  this  shimnas  was  prevented.  The  roasted  ores  were 
smelted  in  the  previously  described  Sulu-fiirnaces  with  the  addition 
of  slags  from  the  ore-furnace  and  the  coarse-copper  furnace,  producing 
coarse  matte  with  25  to  30  per  cent,  of  copper  and  a  bisilicate  slag. 
The  consumption  of  fuel  was  60  per  cent,  of  charcoal  or  30  per  cent, 
of  coke. 

The  coarse  matte  was  roasted  in  stalls  5  or  6  times  in  the  space 
of  6  to  8  weeks,  charcoal  being  mixed  with  it  in  the  last  calcinations, 
and  it  was  then  smelted  in  shaft-furnaces  with  fixed  forehearths  with 
the  addition  of  ore  slags  and  refinery  residues,  producing  black 
copper  and  Dunnstein,  which  latter  was  mixed  with  the  coarse  mattes 
in  the  final  calcinations.  The  fuel  used  was  coke  and  its  consump- 
tion in  smelting  was  30  per  cent,  of  the  weight  of  the  calcined 
matte. 

The  copper  ores  at  Fahlun  were  treated  by  the  same  process  as 
that  just  described. 

At  Agordo  in  the  Venetian  Alps,  kernels  from  kernel  roasting, 
containing  7  to  8  per  cent,  of  copper,  were  formerly  smelted  raw  with 
rich  pyrites  and  with  cement  copper  obtained  by  leaching  the  crusts 
with  water,  and  precipitating  the  solution  with  iron,  with  the  addition 
of  slags  and  sandstone,  in  furnaces  with  two  "  eyes,"  18  feet  in  height. 
The  coarse  matte  thus  produced  wa^s  roasted  dead  and  was  smelted 
with  roasted  Diinnsicin,  ore-furnace  slags,  rich  slags  and  sandstone,  in 
furnaces  with  fixed  forehearths,  14  feet  9  inches  in  height,  producing 
black  copper  and  Dunnstein. 

At  Stefanshiitte,  in  the  district  of  Zips,  Upper  Hungary,  60  per 
cent,  of  roasted  and  40  per  cent,  of  raw  fahlore,  containing  14'5  per 
cent,  of  copper  and  0'06  per  cent,  of  silver  was  smelted  with  the 
addition  of  coarse-copper  slags  and  quartz,  in  a  shaft  furnace,  8  feet 
6  inches  high  by  3  feet  3  inches  wide  with  3  tuyeres.  The  products 
were  coarse  matte  with  30  per  cent,  of  copper  and  a  cupriferous 
speiss,  the  consumption  of  fuel  (charcoal)  being  25  per  cent,  of  the 
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weight  of  the  ore.  The  coarse  matte  was  roasted  12  to  14  times  in 
heaps,  and  then  smelted  in  shaft  furnaces  for  black  copper  and 
Dilnnstein, 

As  an  example  of  the  German  process  with  matte  concentration, 
Miihlbach  in  the  Salzburg  district  may  be  quoted.  The  works  have 
now  however  been  removed,  and  are  at  present  conducted  on  the 
Anglo-German  method  at  Bischofshofen  in  the  Salzach  Valley. 

At  Miihlbach  the  ore,  consisting  of  copper  pyrites,  quartz,  arsenical 
pyrites  and  spathic  ore,  and  containing  a  small  amount  of  nickel, 
was  smelted  raw  with  the  addition  of  ore-furnace  and  coarse-copper 
slags  and  some  roasted  coarse  matte,  so  that  the  charge  contained  on 
the  average  13  per  cent,  of  copper.  The  furnace  used  was  a  round 
shaft  furnace  16  feet  5  inches  high,  with  crucible  hearth  and  five 
tuyeres,  the  blast  pressure  being  0*55  inch  of  mercury,  and  the 
product  a  coarse  matte  with  23  per  cent,  of  copper.  This  was  twice 
roasted  in  stalls  and  then  smelted  in  a  two  "  eyed  "  furnace  with  two 
tuyeres,  with  a  blast  pressure  of  0*47  inch  of  mercury,  together  with 
10  per  cent,  of  quartz  and  10  to  20 percent,  of  ore-furnace  slag,  pro- 
ducing a  concentrated  matte  with  55  to  60  per  cent,  of  copper  and  a 
small  amount  of  black  copper.  This  second  matte  was  crushed  between 
rolls  and  roasted  in  a  long  reverberatory  furnace  which  produced  1*8 
tons  of  dead  roasted  matte  in  24  hours  with  a  consumption  of  247 
cubic  feet  of  wood.  The  dead  roasted  second  matte  was  smelted  m 
a  Brillenofen  with  the  addition  of  ore-furnace  slag  and  quartzose  sand, 
producing  black  copper  and  Dilnnstein ;  the  latter  was  ground  and 
added  to  the  charge  for  black-copper  smelting. 

The    American    Process  of  Copper    Extraction  or  Pyritic 

Smelting 

The  object  of  this  process  is  simply  the  production  of  copper 
matte  by  the  smelting  of  raw  pyritic  ores  in  shaft  furnaces;  the 
subsequent  treatment  of  the  matte  may  be  effected  by  either  the 
German  or  the  English  process.  In  its  narrowest  sense  pyritic 
smelting  means  the  smelting  of  pyritic  ores  in  shaft  furnaces  by 
means  of  the  heat  evolved  by  the  oxidation  of  a  portion  of  the 
sulphur  and  of  the  metals  combined  with  it,  the  ferrous  oxide 
formed  by  the  oxidation  of  sulphide  of  iron  being  slagged  by  the 
addition  of  quartz  or  siliceous  fluxes,  neither  additional  fuel  nor  hot 
blast  being  employed, 

The  principles  of  this  process,  which  are  derived  from  the  method 
of  treating  copper  matte  in  the  Bessemer  converter  proposed  by 
Semenikoff  in  1866,  were  first  indicated  by  John  HoUway  in  his 
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attempts  to  treat  Rio  Tinto  cupriferous  pyrites  in  the  Bessemer 
converter  at  Penistone  in  1878.  The  process  in  the  shaft  furnace 
was  first  put  into  practical  operation  in  the  years  1887  to  1891  by 
Lawrence  Austin  at  Toslo&P  Montana,  U.S.A.  Hot  blast  was  em- 
ployed because  satisfactory  results  could  not  be  obtained  by  blowing 
cold.  Austin  left  Toston  in  1891  before  anything  became  known  as 
to  the  results  obtained  by  the  process;  in  the  summer  of  1891 
Robert  Sticht  continued  the  experiments  at  Toston  on  behalf  of  the 
Montana  and  Idaho  Mining  and  Refining  Company  and  obtained 
Kitis&ctory  results.  In  consequence  of  this  the  Boulder  Smelting 
Company  built  a  smelting  works  in  1892  at  Boulder  Valley,  Montana ; 
operations  were,  however,  soon  suspended  again  here,  owing  to  the 
siliceous  character  of  the  ores,  which  contained  65  to  85  per  cent,  of 
silica.  Now  came  the  Bimetallic  Smelting  Company,  which  after 
testing  the  process  experimentally  at  the  La  Plata  smelting  works 
near  licadville,  remodelled  the  works  and  continued  to  work  the 
process  of  pyritic  smelting  uninterruptedly  from  August,  1892,  until 
June,  1893,  and  resumed  it  again  in  September,  1893.  At  the  same 
time  the  Summit  Mining  and  Smelting  Company  erected  a  smelter 
at  Kokomo,  Colorado,  and  worked  it  up  to  June,  1893,  when  operations 
were  discontinued  owing  to  the  fall  in  the  price  of  silver.  At  these 
works  coke  was  added  to  the  extent  of  1*5  to  5  per  cent,  of  the 
weight  of  the  ore.  Subsequently  pyritic  smelting  without  the 
addition  of  fuel  was  introduced  at  Keswick  in  California,  at  Tilt  Cove 
in  Newfoundland,  and  at  Mount  Lyell  in  Ttismania,  and  with  the 
addition  of  fuel  at  Leadville,  Silverton  and  Buena  Vista  in  Colorado. 
The  process  has  been  given  up  at  Keswick  because  the  results 
obtained  were  unsatisfactory,  but  is  still  in  operation  at  the  other 
localities  above  mentioned. 

As  this  historical  sketch  shows,  the  process  has  not  yet  been  in 
operation  long  enough  to  enable  a  definite  opinion  to  be  expressed 
as  to  its  importance  and  future  prospects ;  nevertheless  it  appears 
desirable  to  investigate  it  here  more  fully  in  view  of  the  great 
advantages  that  it  may  oflFer.  under  certain  circumstances  and  in  the 
presence  of  suitable  ores.  Its  main  advantage  as  compared  with 
the  ordinary  shaft  process  is  the  saving  in  fuel.  Thus  Peters^ 
calculates  that  in  the  ordinary  process  of  smelting  copper  ores  in  shaft 
furnaces  in  the  United  States  the  cost  of  fuel  (coke)  amounts  to 
60  per  cent,  of  the  total  cost ;  on  the  average  the  coke  consumption 
amounts  to  1666  per  cent,  of  the  weight  of  the  ore.  In  pyritic 
smelting  the  average  coke  consumption  is  only  3*33  per  cent.,  or  1  of 

*  Op.  cit.  pp.  373  et  mq. 
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the  amount  used  in  the  ordinary  process.  Hence  the  fuel  cost  will 
only  be  20  per  cent,  instead  of  60  per  cent,  of  the  total  cost,  so  that 
the  introduction  of  pyritic  smelting  effects  an  economy  of  40  per 
cent,  of  the  total  cost  of  the  ordinary  smelting  process.  A  further 
advantage  is  the  saving  of  the  whole  of  the  costs  of  calcination. 

As  disadvantages  of  the  process  of  pyritic  smelting  must  be 
reckoned  the  evolution  of  large  masses  of  sulphurous  acid,  frequent 
stoppages  in  the  working  of  the  furnace,  and  the  need  for  verj'  careful 
management. 

From  the  above  statements  it  will  be  seen  that  two  types  of 
pyritic  smelting  may  be  distinguished,  namely  : 

1.  Pyritic  smelting  in  the  narrower  sense,  i.e,  the  smelting  of  ores 
without  the  addition  of  fuel  or  the  use  of  hot  blast,  solelv  by  means 
of  the  heat  evolved  by  the  oxidation  of  a  portion  of  the  sulphur  of 
the  ore  and  of  the  metals  combined  therewith. 

2.  Pyritic  smelting  in  the  wider  sense,  i.e,  the  smelting  of  ores 
with  hot  blast,  or  w^ith  coke,  or  with  both  hot  blast  and  coke. 

The  former  type  of  pyritic  smelting  can  only  be  applied  to  such 
ores  as  contain  the  requisite  quantities  of  iron  and  sulphur  to  furnish 
by  their  oxidation  sufficient  heat  to  melt  the  sulphides  and  the  slags. 
It  has  indeed  often  been  attempted,  but  has  only  come  into  use  in 
few  instances  in  its  pure  form ;  it  has  very  generally  been  modified 
either  by  the  addition  of  a  small  amount  of  coke  to  the  ore  or  by  the 
employment  of  hot  blast  or  of  both,  and  thus  has  passed  into  pyritic 
smelting  of  the  second  type.  There  is  no  sharp  line  of  distinction 
between  this  process  and  ordinary  smelting  in  shaft  furnaces  with  an 
oxidising  atmosphere,  such  as  is  in  operation  at  e.g.  Butte,  Montana, 
and  at  numerous  other  works  in  the  United  States,  where  partially 
calcined  ores  are  smelted  in  low  columns  in  furnaces  with  vertical 
walls  with  the  addition  of  coke  that  often  exceeds  10  per  cent,  of  the 
weight  of  the  ore,  and  an  excess  of  blast,  by  which  means  66  per  cent, 
of  the  sulphur  contents  of  the  ore  may  be  burnt.  This  method  of 
smelting  again  may  pass  into  normal  blast  furnace  smelting  merely 
by  increase  in  the  amount  of  coke  charged.   . 

At  the  present  moment  the  first  type  of  pyritic  smelting  is  pro- 
bably, according  to  American  authorities,^  only  in  application  at  Tilt 
Cove  in  Newfoundland  and  Mount  Lyell  in  Tasmania.  At  Keswick, 
California,  it  has  been  given  up,  as  already  mentioned,  and  replaced 
by  the  smelting  process  above  stated  to  be  in  use  at  Butte,  Montana.  At 
Tilt  Cove  the  value  of  the  method  is  considered  doubtful,  as  ores  con- 
taining over  4  per  cent,  yield  a  matte  with  only  8  per  cent,  of  copper. 

Mineral  Indusfrt/y  1898,  vol.  vi.  p.  225. 
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It  may  therefore  be  advisable  not  to  consider  the  types  of  pyritic 
smelting  separately,  but  to  examine  the  points  common  to  both. 

Ores  suitable  for  pyritic  smelting  are  cupriferous  pyrites,  cupri- 
ferous pyrrhotine,  copper  pyrites  and  mixtures  of  these  ores ;  matte 
too  low  in  copper  also  forms  a  welcome  addition.  These  ores  are 
smelted  in  suitable  shaft  furnaces  in  an  oxidising  atmosphere,  with 
the  addition  of  the  silica  required  for  slagging  off  the  oxides  of  iron 
and  other  metals  in  the  form  of  quartz  or  acid  silicates.  Hot  blast 
and  coke  (from  1  to  3  per  cent.)  are  useful,  if  not  indispensable,  for 
the  production  of  a  good  fluid  slag.  If  the  quartzose  fluxes  contain 
precious  metals,  the  latter  will  be  taken  up  by  the  matte,  so  that 
quartzo£.-  gold — or  silver — ores  form  specially  suitable  additions  to 
the  charge. 

The  operations  inside  the  furnace  are  then  the  following : — When 
the  ore  has  descended  2  to  3  feet  below  the  throat,  half  of  the  sulphur 
Is  volatilised  from  the  iron  pyrites ;  it  escapes  partly  as  vapour,  and 
is  partly  burnt  to  sulphur  dioxide,  and  a  small  amount  of  sulphur 
trioxide.  As  the  charge  continues  to  sink,  a  part  of  the  sulphur  in  the 
ferrous  sulphide  is  oxidised  and  an  equivalent  amount  of  iron 
oxidised  to  ferrous  oxide,  or  to  magnetic  oxide  and  ferric  oxide. 
Ferrous  oxide,  which  cannot  exist  in  an  oxidising  atmosphere  as 
such,  is  either  oxidised  higher  or  is  slagged  off  immediately  on  its 
formation  by  the  silica  present.  Ferric  oxide  reacts  with  any  ferrous 
sulphide  present,  forming  sulphur  dioxide  and  ferrous  oxide,  which  is 
also  slagged  off.  The  oxides  of  copper  in  part  react  with  cuprous 
sulphide  to  form  metallic  copper  and  sulphur  dioxide,  in  part  with 
ferrous  sulphide  to  form  cuprous  sulphide  and  ferrous  oxide  which  is 
slagged  off.  The  metallic  copper  formed  reacts  with  part  of  the 
excess  of  ferrous  sulphide  to  form  cuprous  sulphide  and  metallic  iron, 
which  latter  is  mainly  oxidised  to  ferrous  oxide  and  slagged  off,  so 
that  it  is  not  found  as  metal  in  the  matte.  The  cuprous  sulphide  and 
the  excess  of  ferrous  sulphide  form  the  matte.  The  coke  acts  partly 
as  fuel  and  partly  keeps  the  charge  open  in  the  upper  part  of  the 
furnace ;  its  reducing  Action  must  be  counteracted  by  excess  of  blast. 

Any  galena  present  in  the  ore  is  converted  into  sulphate  and  oxide 
of  lead  with  evolution  of  sulphur  dioxide.  Oxide  of  lead  is  slagged  off 
as  silicate ;  sulphate  of  lead  is  transformed  also  into  silicate  by  the 
action  of  silica,  sulphur  trioxide  being  evolved.  Undecomposed 
galena  is  probably  partly  volatilised  and  partly  goes  into  the  matte. 
The  reactions  between  oxides  and  sulphate  of  lead  and  unaltered 
galena  would  produce  metallic  lead,  part  of  which  would  be  volatilise<l 
and  oxidised.  The  volatilisation  of  both  sulphide  of  lead  and  of 
vou  I  M 
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metallic  lead  causes  volatilisation  of  the  precious  metal.  Zinc  blende 
is  converted  into  oxide  of  zinc  which  is  mainly  slagged  off,  sulphur 
dioxide  being  evolved.  At  high  temperatures,  a  portion  of  the  zinc 
oxide  may  be  volatilised  and  solidify  against  the  upper  part  of  the 
furnace  walls.  Undecomposed  zinc  blende  goes  partly  into  the  matte, 
partly  into  the  slag.  Arsenic  is  volatilised  and  oxidised.  The  arsenic 
from  arsenical  compounds  (such  as  mispickel  and  arsenical  pyrites)  is 
oxidised  and  principally  volatilised  as  arsenious  oxide.  Sulphide  of 
arsenic  is  completely  volatilised  or  else  oxidised  to  sulphur  dioxide  and 
arsenious  oxide.  Antimony  behaves  like  arsenic.  The  earths  (mainly 
lime  and  magnesia)  form  silicates  and  pass  into  the  slag.  Calcium 
and  barium  sulphates  are  decomposed  by  silica  at  a  sufficiently  high 
temperature,  forming  silicates  with  the  evolution  of  sulphur  trioxide. 
Oxides  of  iron  mixed  with  the  sulphides  are  reduced  either  by  the 
sulphur  of  the  ferrous  sulphide  or  by  the  coke  to  ferrous  oxide,  which 
combines  with  silica.  Oxides  of  manganese  are  reduced  by  coke  to 
manganous  oxide,  which  also  combines  with  silica  to  form  silicate. 

The  best  type  of  furnace  is  a  shaft  furnace,  not  too  high,  with 
vertical  walls,  rectangular  cross-section  and  large  area.  The  height 
of  the  furnace  is  controlled  by  the  nature  of  the  ores.  Most  pyritic 
ores  have  the  property  of  decrepitating  in  the  heat,  and  therefore  of 
packing  so  closely  that  the  blast  can  only  with  difficulty  penetrate 
through  the  column  of  charge,  this  evil  increasing  the  greater  the 
height  of  the  furnace.  At  the  same  time  sulphur  is  distilled  from  the 
iron  pyrites,  and  condenses  in  the  upper  portion  of  a  tall  furnace, 
thus  agglomerating  the  charge.  The  consequence  is  a  fritting  of  the 
sulphides  in  the  upper  part  of  the  furnace,  which  occurs  the  more 
readily  in  that  the  heat  rises  easily  in  tall  furnaces.  Sticht  re- 
commends a  height  of  8  to  10  feet,  Peters  4  to  7  feet  of  charge 
column  ;  the  latter  says  that  its  width  should  be  32  to  36  inches,  and  its 
length  180  inches.  A  water-jacket  is  most  suitable,  as  it  admits  of  the 
ready  removal  of  any  accretions  that  may  form  on  the  walls.  Sticht 
recommends  furnaces  with  external  forehearth.  The  blast  is  best 
produced  by  means  of  a  blower.  Too  high  a  pressure  is  to  be  avoided, 
as  the  rate  of  smelting  would  become  too  rapid,  and  the  products 
imperfect.  Sticht  gives  IJ  to  1^  lbs.  per  square  inch  as  a  suitable 
pressure.  It  is  heated  in  iron  pipe  stoves  to  temperatures  ranging 
from  320°  to  605°  C. 

In  working  the  furnace,  charging  should  be  performed  in 
horizontal  layers,  the  charges  being  as  large  as  possible.  Charging 
in  vertical  columns,  as  proposed  by  Austin,  has  not  come  into  use. 
He  proposed  a  water-jacketed  iron  tube  suspended  in  the  furnace  to 
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within  14  to  20  inches  of  the  tuyere  level :  the  sulphides  were  to  be 
charged  through  this  tube  whilst  the  siliceous  fluxes  were  to  be 
introduced  in  the  space  between  the  outside  of  the  tube  and  the 
furnace  walls,  the  ores  and  fluxes  thus  mixing  in  the  lower  part  of 
the  furnace.  Austin  himself  never  used  such  a  tube.  He  charged 
the  pyritic  ores  towards  the  centre,  and  the  siliceous  ores  and  fluxes 
round  the  walls,  but  obtained  no  advantage  from  this  distribution  of 
the  charga 

The  ores  should  be  in  lumps,  best  of  the  size  of  apples ;  the  use 
of  ore  fines  must  be  avoided  as  far  as  practicable.  In  general,  the 
charge  must  be  kept  as  loose  as  possible  to  enable  the  blast  to 
penetrate  thoroughly;  this  is  helped  by  the  addition  of  1^  to  5  per 
cent,  of  coke.  The  latter  must  be  charged  in  large  pieces,  so  that 
the  carbon  may  be  burnt  chiefly  to  carbonic  acid  rather  than  to 
carbonic  oxide,  the  latter  possessing  a  reducing  action. 

By  suitably  modifying  the  shape  of  the  furnace,  the  fusibility  of 
the  charge,  the  temperature,  quantity  and  pressure  of  the  blast,  and 
the  proportion  of  coke,  it  is  possible  to  obtain  a  matte  of  any  desired 
degree  of  concentration.  Too  vigorous  oxidation  is  to  be  avoided,  as 
copper  is  thereby  both  lost  in  the  slags  and  separated  as  metal; 
insufficient  oxidation  gives  a  matte  too  poor  in  copper. 

In  order  to  obtain  a  matte  rich  in  copper  and  a  clean  slag,  the 
fomace  needs  very  close  watching,  which  is  the  more  important 
because  stoppages  in  working  are  readily  produced  by  the  firitting  of 
sulphides  or  the  deposition  of  sulphur  in  the  upper  part  of  the  furnace. 

There  is  too  little  information  available  concerning  the  furnace 
losses  of  metal  in  pyritic  smelting  to  enable  a  safe  opinion  to  be 
formed  on  this  point.  Nothing  definite  can  be  said  regarding  the 
loss  of  copper.  The  losses  of  precious  metals,  for  which  the  copper 
matte  forms  the  collecting  medium,  depend  so  largely  upon  the 
constituents  of  the  ore,  as  to  prevent  any  generally  applicable 
deductions  to  be  made.  It  can  only  be  said  that  the  presence  of 
galena  and  zinc  blende  in  the  charge  increases  these  losses,  as  the 
volatilisation  of  lead,  zinc  and  zinc  sulphide  in  the  furnace  carries 
off  the  precious  metals  with  them.  According  to  Sticht,^  under 
certain  conditions  60  to  70  per  cent,  of  the  lead  present  m(ty  be  lost 
by  volatilisation.  He  states  that  the  best  result  hitherto  obtained 
was  a  recovery  of  96*3  per  cent,  of  the  silver  values  and  101*6  per 
cent  of  the  gold  values  as  determined  by  assay.  With  a  copper 
content  of  only  a  few  per  cents,  (to  collect  the  precious  metals)  the 
loss  of  copper  amounted  to  25  to  30  per  cent. 

*  Peters,  op.  cit,  p.  396. 
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The  furnace  at  Kokomo,  Califomia,^  which  was  33  inches  by 
140  inches  at  the  tuyeres,  put  through  100  tons  of  ore  per  24  hours, 
during  a  one  month's  campaign,  large  quantities  of  flue-dust  being, 
however,  produced. 

At  Leadville  three  furnaces,  one  of  which  was  30  inches  by  14fO 
inches,  and  the  two  others  36  inches  by  163  inches  at  the  tuyeres, 
put  through  250  tons  per  24  hours.  This  capacity  is  said  to  have 
been  low  because  the  quantity  of  blast  was  insufficient  and  its 
temperature  too  low. 

The  costs  of  smelting  in  the  States  of  Montana  and  Colorado  are 
said  to  have  been  from  $2  to  $4  per  ton  of  ore ;  in  Kokomo  they 
amounted  to  $2*79  per  ton. 

At  Captains  Flat  in  New  South  Wales  ^  pyritic  smelting  was 
carried  on  for  a  while,  but  was  replaced  by  the  ordinary  system,  which 
was  found  to  be  cheaper. 

In  the  period  of  4^  months  in  which  pyritic  smelting  was  carried 
on  in  3  furnaces,  42'2  tons  were  put  through  per  furnace  and  per 
24  hours,  as  against  60*5  tons  by  ordinary  smelting  subsequently 
introduced.  The  matte  from  the  former  process  contained  33  per 
cent,  of  copper,  and  from  the  latter  29*3  to  34  per  cent. :  the  slags 
had  the  same  composition  in  both  processes  and  carried  0*3  to  0*4 
per  cent,  of  copper.  A  matte  analysis  showed :  copper,  34'01  per 
cent.;  iron,  20*85;  zinc,  9*90,  lead,  11*75;  sulphur,  22*00;  gold, 
1*63  ounces ;  silver,  60  ounces  per  ton.  The  costs  of  pyritic  smelting 
amounted  to  $2*25  per  short  ton  (of  2000  lbs.),  and  of  ordinary 
smelting  $1*721,  coke  costing  about  $10  per  ton. 

At  Mount  Lyell,  Tasmania,  where  coke  costs  about  the  same  as 
at  Captains  Flat,  the  cost  per  short  ton  of  ore,  smelted  to  high- 
grade  matte,  is  given  in  the  company's  report  as  $309. 

A  variation  on  the  pyritic  smelting  process,  devised  by  Mr. 
Knutsen,  is  being  tried  experimentally  at  Sulitzelma,  Norway.  The 
process  is  carried  on  in  a  converter  of  special  shape,  the  front  wall  of 
the  converter  sloping  inwards  from  a  little  above  the  tuyere  level  so 
as  to  narrow  the  bottom  considerably.  The  converter  being  red  hot 
from  the  last  charge  is  charged  with  about  6  tons  of  cupriferous 
pyrites  and  1*25  tons  of  quartz,  together  with  about  1  cwt.  of  coke. 
Cold  blast  at  a  pressure  of  5  to  7  lbs.  per  square  inch  is  then  turned 
on,  and  in  a  few  minutes  flame  shows  at  the  mouth  of  the  converter; 
the  pressure  is  increased  to  15  lbs.  and  blowing  continues  till  the 
flame  is  blue,  which  takes  about  4^  hours.  The  converter  is  then 
tilted  and  its  contents  poured  into  a  settling  pot,  from  which  the 

^  Peters,  op.  cit.  jk  416.  ^  yAe  Mineral  Industry,  1900,  voL  viii.  p.  293. 
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matte  is  tapped  out.     The  process  has  not  yet  passed  beyond  the 
experimental  stage. 

From  what  has  been  said  above,  it  will  be  seen  that  further 
experience  is  required  upon  the  process  of  pyritic  smelting  in  its 
narrower  sense,  and  especially  upon  the  losses  of  copper  that  attend 
it,  before  a  definite  opinion  can  be  pronounced  upon  it.  In  any  case, 
it  can  only  be  applied  with  advantage  to  sulphide  ores  suitable  for 
it.  The  most  suitable  is  magnetic  pyrites,  because  this  evolves  no 
free  sulphur  which  would  condense  in  the  upper  part  of  the  furnace. 
If  the  ores  contain  insufficient,  sulphur  (t.e.,  less  than  18  per  cent.), 
it  must  be  replaced  by  fuel  and  hot  blast.  It  is  said  that  12  per 
cent,  of  fiiel  are  equivalent  to  18  per  cent,  of  sulphur.^  Low  grade 
matte  may  be  resmelted  by  the  pyritic  process.  Since  the  precious 
metab  can  be  concentrated  in  copper  mattes,  pyritic  smelting  has 
been  used  at  Leadville,  Silverton,  and  Buena  Vista  in  Colorado,  for 
the  treatment  of  auriferous  and  argentiferous  ores,  even  when  they 
contain  but  little  copper,  with  the  addition  of  fuel,  the  copper 
acting  as  a  collecting  medium  for  the  precious  metals. 

According  to  Herbert  Lang,^  pyritic  smelting  is  at  its  best  when 
eombined  with  the  extraction  of  the  precious  metals  in  districts 
where  fuel  is  dear  and  where  the  ore  contains  sulphides  and  arsenides 
in  such  quantities  as  to  preclude  profitable  dressing,  where  the 
contents  of  gold,  silver,  and  copper  in  the  ore  suffice  to  make  their 
extraction  profitable,  where  the  ores  are  too  low  grade  to  be  saleable 
in  the  open  market,  and  where  finally  the  fluxes  contain  precious 
metals  which  cannot  well  be  extracted  by  dressing  or  in  the  wet 
way. 

The  English  Process  of  Copper  Smelting 

As  already  explained,  the  English  process  depends  .upon  the 
reaction  of  the  sulphides  of  iron  and  copper  with  the  oxides  of 
copper  ;  the  reduction  of  the  latter  is  therefore  brought  about,  not  by 
carbon  as  in  the  German  process,  but  by  the  sulphur  of  the  above 
named  sulphides.  The  carbon  or  fuel  in  the  English  process  serves 
only  for  the  production  of  a  temperature  sufficient  for  the  above 
reactions,  whilst  in  the  German  process  it  acts  both  as  fuel  and  as  a 
reducing  agent. 

The  English  process  diflfers  from  the  method  of  lead  reduction  by 
calcination  and  reaction,  in  that  the  copper  is  not  obtained  like  lead, 

1  Btrg-  und  HiUi.-  Ztg.  1899,  p.  15. 
^  Eng,  and  Min,  Joum,  Jaly  1st,  1897. 
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by  a  single  calcination  and  smelting  operation,  but  that  a  whole 
series  of  operations  are  required,  and  that  with  the  exception  of  the 
roasting  for  coarse  copper,  the  calcinations  are  conducted  in  separate 
furnaces  from  the  smelting. 

In  its  simplest  form  the  reverberatory  furnace  method  embraces 
the  following  operations  : — 

1.  The  calcination  of  the  ore. 

2.  Smelting  the  calcined  ores  in  reverberatory  furnaces  for  coarse 
metal. 

3.  Calcination  of  the  coarse  metal. 

4.  Smelting  the  calcined  coarse  metal  in  reverberatory  furnaces 
for  fine  metal  or  white  Toetal. 

5.  Treating  the  fine  metal  in  reverberatory  furnaces  for  coarse 
copper  or  Mister  coppery  either  after  previous  calcination  or  direct, 
the  latter  being  the  so-called  roasting.  English  copper  smelters 
restrict  the  word  roasting  to  this  particular  operation,  and  do  not 
use  it  as  synonymous  with  calcining,  as  is  generally  the  case. 

In  addition  there  is  also  the  latest  method  of  shortening  the 
English  process  constituted  by  the  so-called  "Direct  Process"  or 
"  Direct  treatment  of  fine  metal  for  refined  copper." 

The  smelting  process  may,  in  the  rare  case  of  very  pure  and  rich 
ores,  be  simplified  by  roasting  the  coarse  metal  direct  for  blister 
copper,  and  thus  omitting  the  concentration  stage.  Very  often,  on 
the  other  hand,  the  process  is  modified  by  the  protraction  of  the 
concentration  stages,  particularly  when  the  object  is  to  obtain  copper 
of  high  quality  from  varied  mixtures  of  impure  ores.  With  ores  con- 
taining arsenic,  antimony  and  tin,  as  also  when  they  are  auriferous, 
the  concentration  processes  are  so  conducted  as  to  produce  a  certain 
quantity  of  coarse  copper,  known  as  bottoms,  in  which  the  gold,  tin, 
antimony  and  arsenic  are  collected ;  the  matte  produced  at  the  same 
time  as  the  bottoms,  sometimes  called  spongy  metal,  is  comparatively 
pure  and  is  suitable  for  the  production  of  the  better  grades  of  copper. 
This  is  known  as  the  best-selecting  process.  From  the  bottoms  so 
obtained,  only  inferior  copper  can  be  got  by  dry  methods,  but 
the  better  grades  can  be  produced  from  them  by  electrolytic 
operations. 

The  prolongation  of  the  concentration  operations,  i.e.  the  produc- 
tion of  various  grades  of  matte  {metal)  and  coarse  copper  is  especially 
practised  in  England,  where,  as  at  Swansea  in  South  Wales,  and 
St.  Helens  near  Liverpool,  the  most  varied  classes  of  foreign  ores 
with  impurities  of  all  kinds  are  treated.  A  somewhat  compHcated 
process  of  reverberatory  furnace   smelting  has   thus  originated  in 
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Swansea  for  the  treatment  of  these  ores,  spoken  of  as  the  "  Welsh  " 
process,  which  will  form  the  subject  of  a  special  description. 

In  recent  times  the  reverberatory  has  often  been  combined  with 
the  shaft-furnace  process,  the  ore  smelting,  and  sometimes  the  smelting 
for  black  copper,  being  performed  in  the  latter. 


The  Simple  English  Process 
(  Withoid  repeated  concentration  operations) 

CALCINING  THE  ORES 

The  object  of  the  calcination  of  the  ore  is  the  partial  removal  of 
sulphur,  whilst  the  metals  originally  combined  with  it  are  converted 
into  oxides ;  at  the  same  time  so  much  sulphur  is  to  be  left  in  the 
ores,  that  on  fusion  a  part  of  the  iron,  as  well  as  the  whole 
of  the  copper,  remains  combined  with  sulphur.  If  it  is  required 
to  produce  on  smelting  a  slag  containing  less  than  \  per  cent, 
of  copper,  the  matte  or  "  metal "  must  not  contain  much  over  35  per 
cent,  of  copper.  In  places,  however,  where  the  ores  are  rela- 
tively rich  and  pure,  whilst  labour  and  fuel  are  costly,  e.g.,  in 
Montana,  it  is  found  more  economical  to  calcine  more  thoroughly  so 
as  to  produce  a  richer  matte  with  60  per  cent,  of  copper,  and  to  leave 
over  1  per  cent,  of  copper  in  the  slags.  The  following  table,  drawn 
up  by  Peters,  shows  the  proportion  of  copper  in  the  slags  with  varying 
proportions  of  copper  in  the  mattes,  as  produced  in  the  Parrot  Works 
in  Butte,  Montana  : — 


1 

Percentage  of  copper  in  the  matte. 

Percentage  of  copper  in  the  slag. 

64-3 

1 
0-86 

62-7 

105 

66-5 

0-92 

66-2 

110 

65-9 

0-67 

61-8 

0-64 

63-6 

0-87                        1 

64-5 

0-82                        ' 

63-3 

0-76 

66-2 

1-32 

• 

1 

For  the  reason  given  above,  at  the  Anaconda  Works,  Montana,  a 
matte  with  60  per  cent,  of  copper  is  produced,  in  Chili  with  50  per 
cent,  at  the  Wallaroo  Works,  Australia,  with  50  to  55  per  cent. 

The  chemical  reactions  during  calcination  are  the  same  as  those 
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in  the  German  process ;  whilst  all  that  has  been  said  regarding  the 
furnaces  employed  in  the  latter  process  applies  equally  to  the  former. 

The  English  calciners  proper  have  been  of  late  years  replaced  by 
long  reverberatories  with  hand  or  power  rabbling,  by  the  rotating 
cylinders  of  Bruckner  and  Oxland,  and  by  shaft  furnaces  for  the 
purposes  of  sulphuric  acid  making. 

The  older  type  of  English  calciner  is  shown  in  Figs.  132  to  134. 
In  these  x  is  the  grate,  lying  5  feet  below  the  roof  and  3  feet  4 


Fia.  182. 


Fio.  133. 


Fia.  134. 


inches  below  the  firebridge;  it  is  often  worked  with  a  so-called 
clinker  bed ;  h  is  the  bed  30  feet  long  and  12  feet  wide,  1  foot  below 
the  roof  at  the  fluebridge,  and  4  feet  at  the  fire-bridge;  c  are 
openings  through  which  the  roasted  ore  is  emptied  into  four  vaults 
situated  beneath  the  furnace;  these  vaults  communicate  with  flues 
through  which  the  gases  evolved  are  led  away ;  y  is  the  fire-bridge' 


d  a  curtain  arch  to  preserve  the  ore  at  the  bridge  end  from  too 
strong  a  heat ;  a  are  openiiigs  through  which  the  ore  is  charged  from 
the  hoppers  m.  These  are  kept  closed  during  the  calcination  by 
slabs  of  fire-brick  or  by  slides.  At  n  are  shown  the  working  doors  on 
both  of  the  longer  sides  for  rabbling  the  ore  ;  in  order  to  enable  the 
latter  to  be  reached  on  every  part  of  the  hearth,  the  walls  of  the 
furnace  are  built  with  obtuse  projections  on  the  inside ;  b  is  the  flue, 
leading  to  the  culvert  e  resting  on  iron  girders.  In  many  furnaces, 
there  is  a  channel  through  the  entire  length  of  the  fire-bridge,  which 
communicates  by  three  openings  with  the  interior  of  the  laboratory 
or  calcining  space ;  through  this  hollow  fire-bridge,  known  from  its 
iDventor  as  Sheffield's  fire-bridge,  cold  air  can  enter  from  outside,  and 
is  thus  heated,  whibt  at  the  same  time  keeping  the  bridge  cool.     In 


such  a  furnace  seven  tons  of  ore  can  be  roasted  in  24  hoars. 
The  consumption  of  coal  is  said  to  be  from  12  to  15  per  cent,  of  the 
weight  of  the  ore,  but  is  probably  higher. 

As  ejcplaioed  under  the  German  process,  the  modem  long 
continuous  furnaces,  and  rotating  cylinders  can  put  through  con- 
j-iderablv  more  ore,  and  hence  are  often  used  in  the  English  process, 
unless  the  gases  evolved  are  to  be  used  in  sulphuric  acid  making. 

Intermittently  worked  furnaces  offer  the  advantage  that  the 
charge  can  be  introduced  whilst  red-hot  into  the  smelting  furnace, 
as  is  done  with  Briickner  furnaces  at  Anaconda,  Montana,  thus 
causing  a  considerable  saving  of  time  and  fuel. 

In  order  to  utilise  the  gases  for  making  sulphuric  acid,  the  muffle 
furnaces  of  Spence  have  been  used  in   Ejigland ;   they   are   either 
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fired  by  an  independent  grate  or  heated  by  the  waste  heat  of  the 
smelting  furnaces. 

Such  a  mufSe  furnace  heated  by  waste  heat  is  shown  in  Fig.  135. 
S  is  the  smelting  furnace,  M  the  muffle  which  is  heated  from  below 
by  the  gases  from  the  smelter  passing  into  the  chamber  r  and  thence 
through  the  flue  k  into  the  stack.  The  ores  are  charged  from  the 
hopper  t  at  the  upper  end  of  the  muffle,  and  drawn  forward  from  time 
to  time  to  its  lower  end,  whence  they  finally  drop  through  the  flue  z 
into  the  smelting  furnace  S.  The  gases  evolved  during  calcination 
escape  through  the  flue  v  which  leads  to  the  sulphuric  acid  chambers. 
It  is  said  that  such  a  furnace  will  roast  six  tons  of  ore  in  24  hours. 
This  arrangement  is  open  to  the  objection  that  calcination  and 
smelting  are  completely  dependent  on  each  other. 

Ore  intended  to  be  used  for  sulphuric  .acid  making,  which  is 
too  fusible  to  be  calcined  in  shaft  furnaces,  would  probably  be  best 
calcined  in  the  previously  described  Hasenclever  furnace. 


SMELTING  THE  CALCINED  ORE  FOR  COARSE  METAL  IN  REVERBERATORY 

FURNACES 

The  calcined  ores  consist  chiefly  of  oxides  and  sulphides  of  iron 
and  copper,  and  contain  subordinate  quantities  of  sulphates.  The 
oxides  and  sulphates  of  copper  are  to  be  converted  into  sulphide,  and 
to  combine  with  the  undecomposed  sulphide  of  copper  and  sulphide 
of  iron  to  form  a  regulus  or  matte,  known  as  coarse  metal;  the 
ferric  oxide  is  to  be  reduced  to  the  ferrous  state,  and  the  ferrous 
sulphide  also  in  greater  part  converted  into  ferrous  oxide,  and 
slagged  oflF  together  with  the  earths,  silicates,  and  quartz  present  in 
the  ore,  and  the  oxides  of  any  of  the  heavy  metals,  except  copper 
and  the  precious  metals,  that  may  be  present.  The  slag  should 
contain  so  much  silica  as  to  be  intermediate  between  a  mono-  and 
a  bi-silicate. 

The  various  kinds  of  ores  available  are  so  mixed  that  no  large 
amount  of  fluxes  may  be  required ;  otherwise  too  great  quantities  of 
slag  would  be  formed,  which  would  cause  heavy  losses  of  copper. 
To  quartzose  ores  slags  from  the  fine-metal  furnace  and  the  roasting 
furnace  are  added,  whilst  pyritic  ores  are  mixed  with  others  rich  in 
quartz.  According  to  the  character  of  the  ores,  the  amount  of  slag 
to  be  added  may  amount  to  30  per  cent,  of  the  weight  of  the  ore. 

As  soon  as  a  sufficient  temperature  is  reached  in  the  smelting 
furnace,  the  oxides  commence  to  react,  as  also  do  the  sulphates  (that 
have  not  already  been  split  up  into  oxides  with  evolution  of  sulphur 
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dioxide  and  oxygen)  with  the  sulphides  present,  forming  metallic 

copper,    cuprous    or   cupric    oxides,    as    shown    in    the    following 

equations : — 

CugS  +  2CuO     =  4Cu      +  SOj 

CujjS  +  2CU2O    =  6Cu      +  SO2 

CujS  +  3CuO     =  3Cu      +  CujO  +  SO^ 

Cu^S  +  6CuO     =  4CU2O  +  SO2 

CujS  +  CuSO,    =  3Cu      +  2S0j 

CujS  +  4CuS0,  =  6CuO   +  5S0, 

The  metallic  copper  thus  formed  deprives  the  sulphide  of  iron  of 
a  portion  of  its  sulphur,  forming  cuprous  sulphide,  thus : — 

2Cu  +  2FeS  =  Cu^S  +  FeS  +  Fe  (or  Fe^S). 

The  oxides  of  copper  formed  as  above  react  with  fresh  portions  of 
undecomposed  sulphide  of  copper. 

Another  portion  of  the  oxides  of  copper  reacts  with  sulphide  of 
iron  in  the  presence  of  silica,  forming  cuprous  sulphide  and  ferrous 
oxide,  which  latter  at  once  combines  with  silica  to  form  ferrous 
silicate,  thus: — 

FeS  +  CujO    +  icSiO^  =  CugS    +  FeO    +  icSiOj 
4FeS  +  6CuO    +  aSiOg  =  SCu^S  +  4FeO  +  ocSiO^  +  SO^ 

This  sulphide  of  copper  unites  with  the  sulphides  of  iron  and 
copper  remaining  undecomposed  to  form  coarse  metal. 

The  ferric  oxide  contained  in  the  roast  ore  can  only  be  slagged 
off  as  ferrous  oxide ;  it  is  reduced  to  the  lower  stage  of  oxidation 
by  the  sulphur  of  the  sulphide  of  iron,  which  latter  in  the  presence 
of  silica  removes  so  much  oxygen  from  the  ferrous  oxide  as  to  reduce 
it  to  the  ferrous  state,  being  itself  oxidised  to  sulphur  dioxide,  as  in 
the  annexed  equation : — 

FeS  +  SFeA  +  a^SiO^  =  TFeOxSiO^  +  SOg. 

It  is  also  possible  that  a  portion  of  the  ferric  oxide  may  be  reduced 
by  the  metallic  iron,  produced  as  shown  above,  to  the  ferrous  state 
and  so  slagged  off,  thus : — 

FcjOs  +  Fe  +  ajSiOg  =  SFeOajSiOg. 

Of  the  remaining  constituents,  arseniatcs  and  antimoniates  are 
in  part  reduced  by  sulphides  to  the  metallic  stated  and  pass  into 
the  matte  and  in  part  decomposed  by  silica.  Sulphide  of  zinc  goes 
partly  into  the  matte,  partly  into  the  slag ;  sulphide  of  lead  goes  into 
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the  matte,  as  does  all  the  ailver  preaent.  Oxide  of  zioc  goes  into  the 
slag. 

If  the  ores  are  over  calcined,  raw  ores  are  added ;  if  not  calcined 
enough,  oxidised  ores  are  added  to  the  ore-furnace  charge. 

The  smelting  ftimace  or  smelter  has  an  oval  concave  bed,  made  of 
sand,  crushed  sandstone,  quartz,  or  firebrick. 

The  original  oval  shape,  as  well  as  its  dimensions,  have  undergone 
radical   changes   in   the   United   States   within   the   last  20  years. 


The  construction  of  the  older  English  smelting  furnace,  the  so-called 
Welsh  furnace,  is  shown  in  Figs.  136  to  139.  It  is  13  feet  4  inches 
long  and  9  feet  wide.  Experience  I)as  shown  that  in  these  small 
furnaces  the  best  area  for  the  bed  is  154  square  feet  and  for  the 
fire-place  17  to  19  square  feet.  A  is  the  fire-place,  with  firedoor  a; 
F  is  the  hollow  firebridge  open  to  the  ashpit,  supported  by  a  cast- 
iron  bridge-plate.  B  is  the  furnace  body,  G  the  bed  or  hearth  made 
of  sand  ;  /  is  an  inclined  flue  leading  into  the  stack  E.     The  charge 
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is  introdnced  through  an  opening  in  the  furnace  roof  over  which 
stands  the  charging  hopper  M\  some  slags  are  also  charged  through 
the  worlfiiig  door  v;  iS  is  the  tap  hole  for  tapping  out  the  matte, 
which  ia  run  either  into  sand-moulds  or  into  a  granulator,  situated 
in  front  of  the  furnace.     The    sl^s   are  drawn    out    through    the 


working  door  v  before  the  matte  is  tapped.  The  height  of  the 
fnmace  arch  over  the  bed  is  35^  inches  at  the  firebridge  and  16 
inches  at  the  fluebridge.     The  stack  is  66  feet  high. 

In  such  a  furnace,  charges  of  1'3  tons  at  a  time  are  worked  off  in 
England  in  3  to  4  hours;  three  charges  are  smelted  in  a  12  hour 
shift. 
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The  chan)^  made  in  the  shape  and  size  of  the  furnaces  in  the 
United  States  are  best  seen  from  Figs.  140  to  145,  which  show  the 
plans  of  the  successive  furnaces  that  were  introduced  at  the  worits  at 
Argo,  Colorado,  in  the  years  1878  to  1894,  under  the  management  of 


Mr.  Richard  Pearce.'     It  will  be  noticed  that  the  capacity  of  the 

hearth   has   been   increased   by   changing   the   shape  from  oval  t* 

rectangular,   with   abrupt  contraction   towards   both   flue-  and  fire- 

'  Peters,  op.  rit.,  pp.  444  e(  neg. 
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bridges.  The  following  Tables  give,  not  only  the  dimensions  of  these 
furnaces,  but  also  the  results  obtained  in  them,  as  well  as  their 
fuel  consumption : — 


Year. 


1878 
1882 
1887 
1891 
1893 
1894 


Dimensions  in  feet. 


Area  in  square  feet. 


Ratio  between 


Stack. 

2-75 

2*75 

3 

3 

3-5 

4 


Flro-box.           Hearth. 

1 
1 

Stack. 

Fire-box. 
22-5 

Hearth. 
105 

Stack. 

Firebox. 
2  98 

Hearth. 
13-9 

1 
4-5   x5    '  9  66x15 

7-56 

4-5    x5     10-33x17  83 

7-56 

22-5 

139 

1     !    2-98 

18-4 

4-5    x  5-5  12-67  x  2117 

9 

24-75 

198 

1         2-75 

22 

4-75x6    11417x24-33 

9 

28-5 

265 

1     !    3-17 

29-5 

1       5x6-5       16x30 

12-25 

32-5 

402 

1         2-65 

32-8 

5  x  6-5j      16  X  35 

t 

16 

32-5 

481 

1         2-03 

30 

1 

Year 


1878 
I»82 
1887 
1891 
1893 
1894 


Ratio  between 


Fire-box.   Hearth. 


4-67 

6-18 

8 

9-3 
12-37 
14-8 


Percent- 
age of 
Hearth 
Area. 
Ijoet  in 

Comora. 


28 

24-5 

26 

23 

16 

14 


Ore  Smelted 
per  24  hours. 

Coal 

per  24  hours. 

Tuns 

Ore 

smelted 

per  ton 

of  Coal 

2-4 

Pounds 
of  Ore 

Tons.  1  Tons. 
Cold.     Hot. 

Tons 
5~ 

;^Coal 

for  Cold 

Ore. 

;^Coal 

for  Hot 

Ore. 

smelted 
per  24 

hours  per 
sq.  ft. 

Hearth. 

1 

1 
12 

42 

1 
229 

17       — 

i 

41 

2-4S 

245 

24  1    — 

9 

37-5 

2-67 
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28       — 

10 

36 

2-8 

211 

35       43 

13 

37 

30 

2-7-3-3 

174-213 

—       50 

13-5 

27 

3-7 
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The  charges  of  "  hot  ore  "  consist  about  half  of  calcined  pyritic 
are  hot  from  the  roasting  furnace,  and  half  of  cold,  raw,  siliceous  and 
baiytic  ore. 

The  average  composition  of  the  charge  was  as  follows  : — 

Silica 33*9  per  cent. 

Iron 10-8 

Barium  sulphate 16'5         „ 

Alumina 5*6         „ 

Calcium  carbonate 85         „ 

Magnesium  carbonate 5*8         „ 

Zinc  oxide 61         „ 

Copper 20 

Sulphur 61 

Oxygen 6*4 

99-7 


176  METALLURGY 

The  coal  used  as  fuel  had  the  following  composition : — 

Water  (at  100°  C.) 1  40  per  cent. 

Fixed  carbon        54*90 

Volatile  matter 32*90 

Ash    ... 10-80 


10000 

The  weight  of  the  charges  ultimately  reached  12*5  tons.  The 
matter  produced  contained  40  to  45  per  cent,  of  popper. 

The  satisfactory  working  results  obtained  are  due,  not  only  to  the 
changes  in  size  and  shape  of  the  furnaces,  but  to  a  number  of  other 
circumstances,  amongst  which  may  especially  be  mentioned:  Pre- 
heating the  air  by  its  passage  through  channels  in  the  brickwork  of 
the  furnace ;  keeping  the  hearth  covered  with  fluid  matte,  which  is 
only  tapped  oufc  once  every  week  after  working  24  charges ;  rapidity  of 
charging  from  three  hoppers  simultaneously,  and  the  rapid  spreading 
of  the  charge  upon  the  fluid  bed  of  matte  ;  rapid  skimming  of  the 
slag  through  four  doors  simultaneously  ;  charging  hot  ores.  The  fumact- 
smelts  eight  tons  more  of  hot  ore  than  of  cold  per  24  hours ;  the  cost  of 
fuel  for  the  former  amounts  to  $0'76,  for  the  latter  to  $0*93  per  ton. 

The  construction  of  an  Amencan  reverberatory  furnace,  capable 
of  putting  through  some  30  tons  of  charge  in  24  hours,  is  shown  in 
Figs.  146  to  150.     The  hearth  is  22  feet  by  14  feet  in  the  clear,  and 
the  fire-place  is  4  feet  long  by  5  feet  wide,  the  areas  being  about  230 
square  feet  and  20  square  feet  respectively.     H  is  the  hearth,  c  the 
fire-place,  d  the  fire-door,  c  the  taphole  for  matte,  a  a  sort  of  working- 
door,  h  a  taphole  for  slag,  h  the  working-door  proper  through  which 
slag  can  also  be  run  out,  v  the  mouth  of  the  flue,  which  commimicates 
by  a  rising  flue  k  with  the  stack  /;  p  is  the  firebridge,  open  below. 
The  air  required  for  combustion  enters  below  the  grate  through  flues 
in  the  brick-work  of  the  furnace.     The  slag  runs  into  slag  pots  set  in 
front  of  the  furnace,  in  which  any  matte  that  may  be  carried  over 
settles  down,  and  from  the  slag  pots  it  runs  through  cast-iron  gutters 
to  the  outside  of  the  smelting  house  either  into  slag  tubs  on  wheels 
or  into  a  stream  of  water,  that  carries  it  to  a  suitable  depositinir 
ground.     If  the  quantity  of  slag  is  very  great,  as  for  instance  at  Argo, 
where  16  to  18  tons  of  slag  are  produced  to  the  ton  of  matte,  a  cast^ 
iron  conical   pot  is  fixed  in  front  of  the  working-door  h,  which  is 
connected  by  means  of  a  cast-iron  gutter  with  a  cast-iron  collecting 
pot,  in  which  the  slags  from  the  working  door  and  the  slag  tap-holes 
collect,  and  whence  they  flow  through  another  gutter  to  the  outside 


178 


METALLURGY 


of  the  smelting  house.  This  arrangement  is  shown  in  Fig.  158 ;  a 
is  the  slag- pot,  b  the  pot  in  front  of  the  working  door  of  the  furnace. 
The  slag  runs  through  the  gutters  /  and  e  into  the  collecting  pot  c, 
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and  escapes  through  the  gutter  d.  The  matte  is  tapped  through  the 
tap-hole  c  into  sand  beds  or  cast-iron  moulds.  The  ore  is  charged 
through  two  openings  in  the  arch  by  means  of  hoppers. 
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The  construction  of  one  of  the  most  modern  American  furnaces 
id  shown  in  Figs.  151  to  154.^  The  hearth  is  24  feet  long  and  14  feet 
wide  in  the  clear  in  its  widest  part.  The  furnace  has  four  working 
doore,  and  a  taphole  for  matte. 

The  fiimaces  at  Butte,  Montana,  have  a  hearth  20  to  22  feet  long, 
and  11  to  14  feet  wide,  and  smelt  in  24  hours  45  to  70  tons  of  ore, 
producing  matte  with  50  to  55  per  cent,  of  copper.  A  new  furnace 
of  the  Montana  Ore  Purchasing  Company  at  Butte,  which  smelts 
Aai\y  70  tons  of  a  mixture  of  hot  calcined  and  cold  raw  quartzose  ore. 


has  a  hearth  length  of  25  feet  4  inches  outside,  and  of  22  feet 
inside ;  a  hearth  width  of  17  feet  2  inches  outside,  and  14  feet  6 
inches  inside ;  a  firebridge  34  inches  wide,  the  height  of  the  arch 
^bove  the  latter  being  22  inches,  and  a  grate  area  of  1967  square  feet. 
The  great  capacity  of  these  furnaces  is  due  partly  to  the  character 
of  the  ores,  which  contain  10  to  22  per  cent,  of  copper,  and  yield 
30  per  cent,  of  matte,  and  a  readily  fusible  slag  rich  in  iron ;  partly 
to  the  rapid  charging  of  hot  ores,  and  to  keeping  the  hearth 
covered  with  6  to  15  tons  of  molten  matte. 

'  Peters,  op.  rit.  pp.  461  to  463. 
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With  regard  to  constructional  details,  modem  reverberatory  fur- 
naces are  generally  provided  with  a  cooling  vault  below  the  bed,  as 


shown  in  the   various  illustrations.      More   recent  experience  has 
shown  that  this  is  not  necessary  if  a  sump  of  molten  matte  is  kept 
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in  the  furnace,  and  if  there  is  an  iron  plate  below  the  taphole. 
and  the  bed  is  composed  of  sufficiently  thick  layers  of  clay  and  steep, 

For  furnaces  of  large  capacity,  the  oval  hearth  is  best  replaced  by 
one  approximately  rectangular  in  plan,  drawn  in  sharply  towards  the 
fire- and  flue-bridges,  the  heat  radiated  from  the  furnace  arch  and 
from  the  heated  gases  being  sufficient  for  complete  fusion. 

The  stack  for  large  furnaces  should  be  at  least  65  feet  high,  the 
flue  should  be  24  inches  square  where  it  leaves  the  furnace,  and  24 
inches  wide  by  36  inches  high  where  it  enters  the  stack. 

For  coal  with  8  to  10  per  cent,  of  ash,  the  fire-box  should  be  4 
feet  3  inches  wide,  by  5  feet  6  inches  long,  the  height  from  the  firebridge 
to  the  centre  of  the  arch  being  28  inches.^  According  to  Peaixse,  the 
melting  operation  is  greatly  assisted  by  modifying  the  arch  above  the 
firebridge,  so  as  to  depress  the  flame,  as  is  shown  in  Fig.  152.  The 
depth  of  the  grate  bars  below  the  top  of  the  firebridge  depends  upon 
the  nature  of  the  coal. 

In  England,  where  caking  coals  are  available,  the  grate  is  so  deep 
down  as  to  form  a  kind  of  gas  producer.  A  bed  of  clinkers  is  allowed 
to  form  upon  the  grate,  through  the  interstices  of  which  the  air 
required  for  the  combustion  of  the  evolved  gases  has  to  pass,  and  is 
thus  pre-heated.  Such  a  clinker-grate  requires  one-third  to  one- half 
of  the  fuel  to  consist  of  caking  coals. 

In  the  United  States,  where  bituminous  or  semi-bituminous  coals 
are  used,  the  layer  of  fiiel  is  kept  thin.  The  distance  between  the 
grate  bars  and  the  top  of  the  firebridge  is  from  19  to  24  inches. 

The  furnace  arch  must  be  made  of  good  firebrick ;  in  America 
Dinas  bricks  are  used. 

For  large  furnaces  there  should  be  two  working  doors  on  each  side 
of  the  hearth.  In  order  that  five  to  eight  tons  of  slags  may  be 
removed  from  it  as  rapidly  as  possible,  extra  skimming  doors  may  be 
provided  on  one  or  both  sides. 

The  charging  hopper  is  made  of  boiler-plate.  Large  furnaces  are 
provided  with  two  or  three  such  hoppers,  in  order  to  ensure  rapid 
charging  and  a  uniform  distribution  of  the  charge.  Thus  at  Argo, 
Colorado,  where  the  charges  consist  of  12^  tons,  there  are  thr^e 
hoppers  to  each  furnace. 

The  hearth  or  bottom  of  the  furnace  is  made  of  sand,  crushed 
quartz,  crushed  sandstone  or  firebrick.  When  the  latter  is  not  used, 
the  bottom  rests  upon  an  inverted  arch  of  firebrick,  the  lowest  part 
of  which  reaches  down  nearly  to  the  crown  of  the  firebrick  arch  of 
the  cooling  vault.     When  this  vault  is  omitted,  the  inverted  arch  is 

^  Peters,  op,  cit,  p.  460. 
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best  laid  in  a  bed  of  steep,  four  inches  thick  in  the  centre.  The 
bottom  at  most  works  used  to  be  made  in  two  layers,  but  now  id 
many  places  only  one  layer  is  used,  which  is  more  desirable,  as  the 
upper  layer  wears  away  rapidly. 

In  Wales  the  bottom  is  made  of  the  best  siliceous  sand  that  is 
obtainable. 

The  sea-sand  used  for  this  purpose  in  Swansea  consists,  according 
to  Percy,  of : — 

Silica 87*87  per  cent. 

Alumina 2*13 

Oxide  of  iron 2*72 

Lime 3-79 

Magnesia 0*21 

Carbon  dioxide  and  water 260 

After  it  has  been  burnt  to  destroy  any  organic  matter  present,  it  is 
shovelled  into  the  furnace  and  shaped  to  form  the  bed  in  a  layer  20 
inches  thick.  This  is  then  fired  for  several  hours,  so  as  to  sinter  its 
upper  surface  to  a  thin  crust.  After  slow  cooling  so  as  to  prevent 
cracking,  slag  is  charged  upon  the  bed  and  melted  down.  Part  of 
this  is  absorbed  by  the  bed,  and  the  remainder  is  tapped  off,  after 
which  the  furnace  is  cooled  down  slowly,  and  is  then  ready  for  use. 
If  the  bed  is  composed  of  two  layers  of  sand,  the  upper  one  is  only 
made  two  or  three  inches  thick,  so  that  in  case  of  cracking  only  this 
depth  has  to  be  renewed.  The  upper  layer  lasts  on  an  average  about 
three  months,  and  the  entire  lining  is  renewed  every  two  years. 

The  crushed  sandstone  used  in  some  of  the  smelting  works  of  the 
Eastern  United  States  contains,  according  to  Peters,^  95*3  per  cent 
of  insoluble  matter,  mainly  silica,  and  the  crushed  quartz  used  at 
Butte,  Montana,  97*2  per  cent.  Both  substances  are  roasted  in 
lumps  and  quenched  in  water,  to  make  them  suflSciently  brittle  for 
easy  crushing.  If  the  material  does  not  contain  su£Scient  bases  to 
agglomerate  on  heating,  it  is  caused  to  frit  by  melting  fusible  material 
upon  its  surface  after  it  has  been  introduced  into  the  furnace,  this 
operation  being  repeated  until  a  hard  impermeable  surface  is 
obtained. 

Firebrick  beds  are  far  more  durable  and  absorb  far  smaller  quan- 
tities of  metal  than  do  sand  bottoms.  They  have  been  used  at 
some  works  in  South  Wales  for  a  number  of  years  with  good  results. 
Their  construction  is  as  follows: — The  brickwork  of  the  furnace  is 
covered  with  a  layer  of  material  which  shall  be  a  bad  conductor  of 
heat,  and  shall  not  absorb  metal ;  for  this  purpose  so-called  steep 

1  Op  cU,  p.  484. 
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or  biasque  is  employed,  consisting  of  a  mixture  of  two  parts  of  clay 
and  one  part  of  coke  dust.  This  is  rammed  to  the  shape  of  the  bed, 
is  six  inches  thick  in  the  centre,  and  increases  towards  the  sides 
corresponding  to  the  shape  of  the  bed.  Upon  this  bed,  firebrick  is 
laid  in  the  form  of  an  inverted  arch,  either  Dinas  or  Stourbridge 
brick  being  used,  the  latter  expanding  when  heated ;  the  arch  is  nine 
inches,  or  sometimes  even  only  4|  inches  thick.  The  bricks  are 
driven  up  as  close  together  as  possible,  and  grouted  with  a  mortar 
made  of  crushed  brick.  The  construction  of  a  Welsh  furnace  with 
brick  bottom  is  shown  in  Figs.  155  to  157,^  which  are  self-explanator3\ 

These  bottoms  are  used  at  the  Elliott  Metal  Company's  Works, 
and  at  the  Burry  Port  Works.  At  the  former,  a  furnace  with  brick 
bottom  and  one  with  sand  bottom  were  started  simultaneously,  and 
the  latter  had  to  be  renewed  ten  times,  whilst  the  former  had  not 
required  renewal  at  all.*  At  another  works  a  brick  bottom  lasted 
for  three  years. 

In  a  furnace  with  brick  bed,  smelting  ores  that  yield  15  to  30 
per  cent,  of  their  weight  in  matte,  the  lowest  point  of  the  bed  should 
be  16  to  18  inches  below  the  skimming  plate ;  the  taphole  for  matte 
should  be  eight  inches  above  the  lowest  point,  so  that  6  to  15  tons 
of  matte  are  always  retained  in  the  furnace.  In  order  to  be  able  to 
drain  the  furnace,  for  repairs,  there  must  be  another  taphole  at  the 
lowest  point  of  the  bed.* 

The  furnace  must  be  provided  with  dust-chambers;  these  are 
best  made  in  the  form  of  large  deep  flues  with  transverse  walls 
extending  up  two-thirds  of  the  height  of  the  flue,  which  prevent  the 
deposited  flue  dust  from  being  carried  off. 

In  order  to  prevent  pulverulent  ore  from  being  carried  off  whilst  it 
is  being  charged,  a  sliding  door  at  the  foot  of  the  stack  is  opened 
during  charging ;  a  stream  of  air  thus  passes  up  the  stack,  which 
checks  the  draught  in  the  furnace. 

Pre-heating  the  air  by  passing  through  flues  in  the  brick- work  is 
advisable,  whenever  the  cooling  action  upon  the  furnace  itself  is  not 
excessive. 

As  regards  the  working  of  the  furnaces,  the  ore  is  dropped  from 
the  hoppers  on  to  the  bed  and  spread  out  over  it.  In  England 
larger  masses  of  slag  are  charged  through  a  working  door,  a  method 
that  is  not,  however,  to  be  recommended.  The  doors  are  then  closed 
and  a  strong  fire  put  on.  As  soon  as  the  mass  has  melted  dowp 
(which  takes  place  in  1^  hours  up  to  5  hours,  according  to  the  size  of 

^  Peters,  op.  cit.  p.  468. 

*  Eng,  and  Min.  Journ,^  Dec.  3rd,  1898. 

'  Peters,  op.  cit,,  p.  469. 
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the  charge,  to  whether  the  ore  was  delivered  red  hot  from  the  cal- 
ciners  or  not,  and  according  to  the  quantity  of  fluid  matte  rGtuainiag 
in  the  furnace),  a  great  number  of  bubbles  of  sulphur  dioxide  rise  u|) 
through  it  in  consequence  of  the  reaction  between  the  sulphides  and 
oxides.  The  mass  is  now  rabbled  through,  so  that  all  parts  may  be 
thoroughly  melted.     As  soon  as  the  formation  of  bubbles  has  ceased, 
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the  mass  is  again  rabbled,  and  then  again  fired  strongly  for  half  an 
hour  to  allow  the  matte  to  separate  from  the  slag.  By  means  of  iron 
hooks  the  slag  is  then  drawn  through  the  working-door,  or  in  the 
case  of  the  larger  furnaces,  through  the  side  doors  as  well  as  the 
front  door.  Peters  builds  up  clay  dams  upon  the  skimming  plates, 
and  keeps  his  furnace  filled  with  molten  materials  up  to  tho  upper 
edge  of  these  dams.     To  remove  the  slag  these  dams  are  graduallj 
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cut  down,  so  that  two-thirds  of  the  slag  can  flow  off  quietly  without 
being  drawn  by  the  hooks. 

Another  method  of  removing  slag  is  by  means  of  the  tilting  furnace, 
as  is  done  at  the  works  of  the  Boston  and  Montana  Company  at 
Great  Falls,  Montana.  The  furnaces  there  are  gas-fired  tilting 
furnaces,  which  are  tilted  by  means  of  a  hydraulic  ram,  when  the  slag 
flows  off  rapidly  and  cleanly  into  a  stream  of  water. 

The  slag  is  allowed  to  run  into  water,  into  iron  slag-pots,  or  into 
8and. 

Where  an  ample  water  supply  is  available,  it  is  best  to  granulate 
the  slag  and  to  let  it  be  carried  off  by  a  stream  of  water,  as  is  done 
at  Great  Falls,  and  at  the  Parrot  Smelters  at  Butte. 

Slag-pots  are  best  set  in  pairs  upon  cars,  so  as  to  be  capable  of 
being  tipped.  Any  prills  of  matte  carried  over  with  the  slag  are 
allowed  to  settle  in  these 
slag-pots.  From  the  larger 
furnaces  the  slag  is  con- 
ducted outside  the  furnace 
buildings  by  means  of  cast- 
iron  pots  in  the  man- 
ner already  described,  and 
further  explained  by  Fig. 
158. 

The  matte  is  tapped 
off  as  soon  as  a  sufficient 
amount  has  accumulated 
in  the  hearth.  A  con- 
siderable quantity  of 
molten    slag    should     be 

allowed  to  remain  on  the  bed,  so  as  to  retain  the  heat  required 
for  the  fusion  of  the  next  charge,  to  prevent  the  exposure  and 
consequent  cracking  of  the  bottom,  and  to  prevent  the  formation  of 
accretions.  The  tapped-out  matte  used  formerly  to  be  run  universally 
into  sand  beds,  but  is  now  generally  run  into  iron  or  steel  moulds. 

At  Great  Falls  the  matte  is  poured  direct  from  the  tilting  furnaces 
into  clay-lined  iron  ladles,  carrying  five  tons,  which  are  conveyed  by 
an  electric  crane  to  the  Bessemer  copper  converters,  into  which  the 
matte  is  ran  from  them. 

The  capacity  of  the  smelting  furnaces  depends  upon  their  size 
and  the  size  of  the  charge  they  can  take,  upon  the  character  of  the 
ores  and  fuels,  and  upon  the  ores  being  charged  cold  or  red  hot. 
The  consumption  of  fuel  depends  upon  its  nature,  and  on  that  of  the 
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ores,  as  also  on  the  temperature  at  which  the  latter  are  charged  and 
on  the  dimensions  of  the  furnace. 

In  the  small  English  furnace  some  five  charges  of  1*3  tons 
each  are  worked  oflF  in  24  hours;  the  fuel  used  is  a  mixture  of 
soft  coal  and  anthracite  slack,  and  its  consumption  is  40  to  45  per 
cent,  of  the  weight  of  the  charge. 

The  larger  furnaces  in  the  United  States  are  able  to  smelt  from 
28  to  70  tons  of  ore  in  24  hours,  the  charges  varying  from  5  to  12i 
tons.     From  2*5  to  5  tons  of  ore  are  smelted  by  one  ton  of  coal. 

At  Argo,  in  the  furnaces  above  described  with  6  to  7  ton  charges, 
28  to  30  tons  are  smelted  in  24  hours  with  a  fuel  consumption  of  33 
per  cent,  of  coal. 

At  the  Wallaroo  Works  in  South  Australia,  3  ton  charges  of  J 
calcined  and  \  raw  ores  are  worked  off  in  6  hours.  A  furnace  puts 
through  12  tons  in  24  hours  with  a  coal  consumption  of  49  per  cent. 
At  the  Butte  and  Montana  Works  at  Butte,  Montana,  the  charge  is 
4J  tons  of  calcined  ore.  In  24  hours,  six  charges  equal  to  27  tons 
are  smelted  with  the  consumption  of  10  tons  of  coal  =  37  per  cent. 

The  furnaces  of  the  Butte  and  Boston  Smelting  Co.  and  of  the 
Montana  Ore  Purchasing  Co.,  at  Butte,  work  off  a  5  ton  charge 
every  2^  hours. 

At  the  Anaconda  works,  Montana,  the  calcined  ore  is  transferred 
red  hot  from  Bruckner  cylinders.  Working  with  a  hot  blast,  46  tons 
of  ore  can  be  smelted  in  24  hours,  with  beds  20  feet  long  and  10  feet 
broad.^ 

For  working  the  smaller  smelting  furnaces  two  men  are  needed 
for  each  shift,  one  of  whom  attends  to  the  firing.  The  larger  the 
furnace,  the  greater  is  the  economy  in  labour.  The  larger  American 
furnaces  capable  of  putting  through  60  tons  in  24  hours,  employ 
on  the  average  2^  workmen  in  a  12  hours'  shift,  not  including 
the  transport  of  material  to  the  furnaces.  The  cost  of  labour 
per  ton  of  ore  is  not  greater  in  this  case  than  in  that  of  a  well  con- 
ducted shaft  furnace.  At  Butte  in  Montana,  for  a  furnace  working 
off  30  tons  of  cold  ore  in  24  hours,  the  slag  being  removed  by  run- 
ning water,  the  cost  for  a  12  hours*  shift  may  be  itemised  as  follows  *:— 

1  fireman 3  dollars  50  cents. 

i  for  removing  slag 2         „ 

^  for  miscellaneous  work    ...     1         „       50       „ 

7  dollars     0  cent. 
i,e.,  0'47  dollar  per  ton  of  ore  for  labour. 

1  Op.  ciC,  p.  457.  ^  Peters,  op.  cit.,  p.  491. 


}) 
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Eight  tons   of  coal,  at   6  dollars  a  ton,  are  used  in  24  hours,  or 
1"6  dollars  for  fuel  per  ton  of  ore. 

The  total  cost  of  working  per  ton  of  ore  is  as  follows : — 

Fuel 0-47  dollar. 

Labour 160 

Miscellaneous 01 7 

Repairs 016       „ 

Amortisation 0*10       „ 

Total     ....     2-60  dollars. 

The  cost  of  building  a  furnace  such  as  that  depicted  in  Figs.  151- 
154,  with  hearth  24  feet  by  14  feet,  is  stated  by  Peters  ^  to  be  6,380 
dollars  (average  American  cost). 

The  results  of  the  ore  fusion  are  coarse  metal  and  slag.  The 
percentage  of  copper  in  the  coarse  metal  depends  upon  the  richness 
of  the  ore  in  copper  and  the  degree  to  which  calcination  had  been 
carried 

In  the  Welsh  process  the  calcination  is  so  conducted  as  to  produce 
a  matte  with  not  more  than  35  per  cent,  of  copper ;  this  matte  is 
known  in  England  as  coarse  metal  or  regulus.  An  average  sample 
taken  by  Le  Play  from  fifty-eight  separate  samples  had  the  following 
composition: — 

Cu 33-7 

Fe 33-6 

Ni   ) 

Co  V ro 

Mn  ) 

Sn 0-7 

As 0-3 

S 29-2 

Slag 11 

As  mentioned  above,  mattes  much  richer  in  copper  (40  to  55  per 
cent)  are  produced  in  America  and  Australia. 

The  slag  is  a  mono-silicate,  or  is  intermediate  between  a  mono- 
and  a  bi-silicate.  It  always  contains  considerable  quantities  of 
quartz  mechanically  enclosed.  A  matte  with  less  than  35  per  cent,  of 
copper  seldom  gives  a  slag  containing  more  than  J  per  cent,  of  copper. 
In  the  case  of  richer  mattes,  more  copper  is  slagged  off.     An  average 

^  Peters,  op.  cit.,  p.  492. 
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sample  prepared  from  fifty-eight  separate  samples  had,  according  to 
Le  Play  the  following  composition  :-^ 

Mechanically  enclosed  quartz 30*5  per  cent. 

Chemically  combined  silica 30           „ 

Ferrous   oxide 28*5       „ 

Alumina 2*9        „ 

Lime 20 

Magnesia 0*6        „ 

Manganous  oxide,  nickel  oxide  |  -,,4 
Cobalt  oxide,  tin  oxide               |    .     .     .     . 

Calcium 1*1        „ 

Fluorine 10        „ 

Copper 0*5        „ 

Iron 0-9 

Sulphur 0-6 

or: — 

Quartz        30*5  per  cent 

Slag ^    .     .     .  .  65-4 

Sulphide  of  Iron 0*55      „ 

Fluorspar 2'1        „ 

Calcination  of  Coarse  Metal 

m 

The  object  of  calcining  the  coarse  metal  is  to  remove  a  certain 
proportion  of  sulphur  from  it,  the  quantity  to  be  got  rid  of  depending 
on  whether  only  a  concentrated  matte  {white  metal)  or  coarse  copper 
is  to  be  the  product  of  the  next  smelting  operation.  If  the  former  is 
required,  the  calcination  is  carried  so  far  that  a  matte  with  from  60 
to  76  per  cent,  of  copper  will  be  formed  ;  if  the  latter,  the  calcination 
is  either  carried  so  far  that  the  calcined  coarse  metal  shall  contain 
oxygen  and  sulphur  in  such  proportions  as  to  produce  coarse  copper 
when  smelted,  or  else  in  the  smelting  process  a  suitable  proportion  of 
raw  metal  is  mixed  with  the  highly  calcined  coarse  metal.  In  the 
Welsh  process  the  coarse  metal  is  calcined  till  its  sulphur  contents 
are  reduced  from  30  to  13  per  cent. 

The  chemical  reactions  involved  are  the  same,  and  the  same 
apparatus  is  used,  as  in  the  German  process  of  matte  calcination. 

If  it  is  required  to  either  utilise  or  render  innocuous  the  gaseous 
products  of  calcination,  kilns  are  employed  for  lump  matte,  and 
Qerstenhofer  or  Hasenclever  furnaces  for  pulverulent  matte.  Other- 
wise, reverberatories  worked  by  hand  or  by  machinery,  especially 
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long-bedded  calciners,  and  rotating  cylinders  like  those  of  Briickner 
and  Oxland  are  used. 

The  older  Welsh  furnaces  for  metal  calcination  are  similar  to  the 
ore  calciners  above  described.  The  coarse  metal  is  granulated,  or 
crashed  by  rolls  or  stamps,  and  charged  in  3^  to  5  ton  charges,  the 
heat  being  gradually  raised  to  a  bright  redness  with  frequent  rabbling 
of  the  chaige ;  the  temperature  may  not,  however,  be  high  enough 
to  cause  the  metal  to  sinter  or  melt.  The  process  takes  24 
hours,  and  the  fuel  consumption  is  40  to  45  per  cent,  of  the  weight 
of  the  coarse  metal.  The  other  furnaces  named  above  give  far  superior 
results  to  these  as  regards  both  capacity  and  economy  of  fuel,  so 
that  they  are  to  be  used  in  preference  to  the  older  type. 

At  the  Wallaroo  works,  a  continuous  acting  rotating  cylinder  will 
treat  12  tons  of  matte  in  24  hours  with  a  coal  consumption  of  15  per 
cent 

At  Omaha,  Nebraska,  a  Brttckner  ftimace  calcines  6  tons  of 
matte  from  35  per  cent,  down  to  3  per  cent,  of  sulphur  in  24  hours 
with  a  coal  consumption  of  25  per  cent. 

In  long-bedded  calciners  jgrorked  by  hand,  from  5  to  12  tons  of 
matte,  according  to  the  size  of  the  furnace,  can  be  calcined  in  24 
hours  with  a  coal  consumption  of  20  to  35  per  cent. 

At  Oker,  kilns  13  feet  high,  4  feet  broad,  and  7*5  feet  long,  calcine, 
in  24  hours,  3  tons  of  matte  with  32  tiO  39  per  cent,  of  copper  (con- 
taining 20  to  30  per  cent,  of  previously  calcined  matt«)  down  to 
10  per  cent  of  sulphur.  This  can  then  be  worked  forthwith  for 
concentrated  matte  contaii\ing  60  to  65  per  cent,  of  copper. 

At  the  Mansfeld  Works,  a  single  kiln  roasts  in  24  hours  1  to  1*26 
tons  of  coarse  metal  (copper  30  to  40  per  cent.). 

This  can  then  be  smelted  in  a  reverberatory  furnace  for  concen- 
trated matte  with  a  copper  content  of  74  to  76  per  cent.  Formerly, 
at  the  same  place,  Gerstenhofer  furnaces  calcined  10  to  15  tons  of 
coarse  metal  down  to  14  per  cent,  of  sulphur  in  24  hours. 


SMELTING  THE  CALCINED   COARSE   METAL  FOR   WHITE    METAL 

This  operation  is  performed  in  reverberatory  furnaces  similar,  to 
those  used  in  ore  smelting ;  the  chemical  reactions  involved  are  also 
the  same.  In  order  to  slag  off  the  iron,  quartzose  ores  or  quartz 
should  be  added  to  the  charge.  By  the  addition  of  oxidised  ores,  it 
is  possible  to  obtain  rich  matte  from  comparatively  poor  coarse 
metal  (with  about  30  per  cent,  of  copper). 
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The  charge  is  first  spread  over  the  bed,  and  the  fire  is  gradually 
increased  to  a  white  heat.  After  the  formation  of  bubbles,  caused 
by  the  reaction  of  the  sulphides  with  the  oxides,  has  ceased,  the 
matte  and  slag  separate  into  two  layers.  The  slag,  however,  still 
contains  cuprous  oxide,  which  can  only  be  transferred  to  the 
matte  by  long  contact  with  the  latter  at  an  increased  temperature, 
a  corresponding  amount  of  iron  passing  from  the  matte  into  the  slag 
as  silicate.  The  production  of  a  slag  as  poor  as  possible  in  copper 
can  therefore  be  brought  about  by  increasing  the  heat  and  prolonging 
the  operation  of  smelting.  Thus,  according  to  experiments  of  Le 
Play,  in  smelting  calcined  coarse  metal  for  white  metal,  the  following 
results  were  obtained  : — 

Percentage  of  copper  Percentage  of  copper 

in  the  matte.  in  the  slag. 

After  3  hours  10  minutes       .54 9 

„     5     „  .65 5 

„     5     „       50        „  .74 3-5 

The  matte  is  tapped  in  from  5  to  10  hours,  according  to  the  size  of 
the  charge,  which  may  vary  from  IJ  to  6  tons.  Matte  and  slag  are 
either  tapped  out  together  into  cast-iron  pots  or  separately ;  in  the 
latter  case,  the  matte  is  usually  run  out  first,  and  the  slag  which 
follows  it  runs  into  separate  receptacles. 

In  England,  a  rich  matte  with  75  per  cent,  of  copper,  the 
so-called  white  metal  is  produced  in  the  Welsh  furnace  by  smelting 
calcined  coarse  metal  with  30  to  35  per  cent,  of  copper.  For 
this  purpose  it  is  mixed  with  a  due  proportion  of  oxidised  com- 
pounds, such  as  carbonate  of  copper,  cuprite  (red  oxide),  or  slags  rich 
in  copper,  which  shall  act  upon  the  undecomposed  sulphides  of  the 
coarse  metal.  According  to  Le  Play,  the  charge  weighs  about  1} 
tons,  and  the  operation  is  complete  in  5  to  6  hours.  First  the  matte 
and  then  the  slag  are  tapped  off  into  sand  beds.  In  24  hours 
four  charges,  equal  to  7  tons,  are  worked  off  with  a  consumption  of 
fuel  of  rather  over  50  per  cent,  of  the  charge ;  the  fuel  used  is  a 
mixture  of  anthracite  and  soft  coal.  Each  100  parts  of  the  charge 
yield  40*2  parts  of  white  metal,  281  parts  rich  slag,  and  26*1  parts 
of  poor  slag.  The  average  amount  of  copper  in  a  fortnight's  pro- 
duction of  white  metal  was  73*2  per  cent.  The  slags  are  mixtures  of 
mono-  and  bi-silicates,  containing  over  2  per  cent,  of  copper,  chiefly 
as  mechanically  intermingled  matte. 

The  composition  of  the  rich  and  poor  slags  produced  in  smelting 
for  white  metal  (metal  slags),  is  shown  by  the  following  analyses : — 
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Rich  slag.  Poor  slag. 

Silica 330 338 

Ferrous  oxide    ....  550 56*0 

Cuprous  oxide  ....  2*7 0*9 

Other  metallic  oxides  20 21 

Alumina 1*6 1*5 

Lime 14 1'4 

Magnesia 03 0*3 

Copper 2-9 29 

Iron 0-3 03 

Sulphur 0-8 0-8 

The  slags  are  added  to  the  ore  furnace  and  metal  furnace  charges. 

The  production  of  white  metal  from  rich  mattes  without  previous 
calcination  (roasting)  is  described  later  on  under  the  Welsh  process. 

At  Oker,  in  the  lower  EEarz,  coarse  metal  containing  30  to  34  per 
cent,  of  copper  is  calcined  in  kilns  and  smelted  for  white  metal 
containing  60  to  65  per  cent,  of  copper.  The  bed  of  the  smelting 
furnace  is  14  feet  1  inch  long  by  9  feet  10  inches  wide ;  the  distance 
between  the  upper  edge  of  the  Airbridge  and  the  roof  is  18J  inches ; 
its  height  above  the  grate  is  26  inches,  and  above  the  bed  15  inches  ; 
the  firebridge  is  28  inches  broad.  The  firebox  is  3  feet  7  inches 
long,  3  feet  3  inches  broad,  and  4  feet  1  inch  high.  The  bed  is 
composed  of  9  parts  of  stamped  quartz  and  1  part  of  ground  refinery 
slags ;  the  height  of  the  stack  is  43  feet,  there  being  a  separate  stack 
to  each  furnace.  The  charge  consists  of  2  J  tons  calcined  matte,  \  ton 
raw  matte,  and  \  ton  of  Kniest.  The  charge  is  dropped  on  to  the  hearth 
from  two  hoppers  and  spread  out  on  it ;  it  is  melted  in  four  hours, 
and  the  evolution  of  gas  bubbles  is  practically  finished  in  five  to  six 
hours.  It  is  then  rabbled,  and  slag  and  metal  are  tapped  off  together 
into  8  cast-iron  pots,  arranged  stepwise,  one  below  the  other.  The 
metal  collects  in  the  upper  pots,  whilst  in  the  lower  pots  the  slag 
and  matte  separate  into  two  layers,  the  matte  forming  the  lower 
portion.  Before  the  contents  of  the  pots  set,  a  hook  is  inserted  into 
each,  by  means  of  which  the  mass  when  set  is  lifted  on  to  a  truck 
and  allowed  to  cool,  after  which  the  regulus  is  separated  from  the 
^lag.  The  process  lasts  eight  hours.  In  24  hours  9  tons  are 
put  through  with  a  coal  consumption  of  55  per  cent.  The  matte 
produced  contains  60  to  65  per  cent,  of  copper,  9  per  cent,  iron,  and 
14  per  cent,  sulphur,  whilst  the  slag  is  a  mono-silicate  with  2  to 
3  per  cent  of  copper. 

At  Mansfeld,  coarse  metal,  with  about  40  per  cent,  of  copper. 
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calcined  in  kilns,  is  smelted  for  white  metal  with  70  to  75  per  cent. 
of  copper — containing  in  addition  043  to  0*5  per  cent,  of  silver. 
The  bed  is  13  feet  11  inches  long,  3  feet  9  inches  wide  at  the  fire- 
bridge, 9  feet  9  inches  in  the  middle,  and  18  J  inches  at  the  flue- 
bridge.  It  is  made  by  melting  a  mixture  of  quartz  and  ore  furnace 
slag  upon  a  bed  of  sifted  quartz,  8  inches  deep.     The  firebridge  is 

3  feet  wide,  the  fire  space  above  it  being  6  inches  high.  The  grate 
is  4  feet  square  worked  with  a  clinker  bed.  The  stack  is  115  feet 
high.     The  charge  is  3  tons  of  calcined  coarse  metal  with  3*3  to 

4  per  cent,  of  quartz  or  highly  siliceous  copper  ore  (sand-ore  from 
Sangerhausen).  The  charge  is  melted  in  five  to  five  and  a-half 
hours,  its  fusion  being  promoted  by  repeated  rabbling.  It  is  tapped 
one  to  one  and  a-half  hours  later.  The  matte  which  runs  out  first  is 
allowed  to  run  through  an  iron  gutter  lined  with  clay  on  to  an  iron 
plate  ;  as  soon  as  slag  begins  to  flow  with  it,  it  is  turned  into  a  series 
of  five  or  six  cast-iron  pots,  arranged  stepwise,  one  below  the  other, 
in  which  the  matte  may  settle  to  the  bottom.  The  contents  of  these 
pots  are  dealt  with  as  at  Oker.  In  24  hours  9  tons  of  calcined 
coarse  metal  are  smelted  with  a  coal  consumption  of  45  to  50 
per  cent,  of  the  weight  of  the  calcined  matte.  One  ton  of  coarse 
metal  yields  about  062  ton  of  white  metal. 

By  calcining  the  matte  more  strongly  in  kilns,  that  is,  by  re- 
calcining  a  portion  of  it,  some  of  it  goes  to  form  bottoms,  together 
with  white  metal  containing  79  per  cent,  of  copper  and  0*37  to 
0*41  per  cent,  of  silver ;  the  whole  of  the  gold  and  a  part  of  the  silver 
passes  into  the  bottoms.  These  contain  94  to  95  per  cent,  of  copper 
and  0*78  to  0*90  per  cent,  of  silver.  For  every  ton  of  calcined  matte, 
about  0*387  ton  of  white  metal  and  0027  ton  of  bottoms  is  formed. 

• 

SMELTING  THE    WHITE    METAL    IN    REVEBBEBATORY    FURNACES    FOR 

COARSE  COPPEB 

This  can  be  done  in  two  ways,  namely,  with  or  without  previous 
calcination  of  the  white  metal.  The  latter  is  a  typical  English 
process  known  as  roasting,  in  which  the  oxidation  of  a  portion 
of  the  sulphides  which  is  necessary  for  the  reaction  takes  places 
within  the  reverberatory  smelting  furnace^ 

SMELTING   WHITE   METAL  FOR  COARSE  COPPER   AFTER   PREVIOUS 

CALCINATION 

The  calcination  is  effected  in  reverberatory  furnaces,  heaps  or 
stalls.     Shaft  furnaces  cannot  well  be  used  on  account  of  the  richness 
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of  fche  matte  in  copper  and  its  correspondingly  ready  fusibility, 
together  with  its  poorness  in  sulphur. 

The  calcined  matte  is  smelted  in  the  same  furnaces  as  are  used 
for  ore  smelting  and  metal  smelting. 

At  Oker  the  white  metal  containing 


Copper    .     . 

.     60  to  65  per  cent. 

Silver       .     . 

006 

Iron         .     . 

y            „ 

Sulphur  .     . 

.     14 

is  calcined  three  or  four  times  in  heaps,  until  the  sulphur  is  brought 
down  to  4  or  5  per  cent. ;  each  heap  contains  90  to  100  tons,  and 
consumes  353  cubic  feet  of  cord-wood.  The  first  fire  lasts  three 
weeks,  the  second  two,  and  the  third  one  week. 

The  furnace  charge  consists  of  4|  tons  of  calcined  matte,  together 
with  a  certain  quantity — up  to  J  ton — of  copper  refinery  slags  ;  it  is 
all  melted  in  six  to  seven  hours.  The  fire  is  then  urged  for  two  hours 
more,  and  the  first  slag  is  drawn  off.  Another  strong  fire  is  put  on, 
and  slag  is  drawn  off  for  the  second  time,  after  which  the  coarse 
copper  is  tapped  out.  The  process  lasts  twelve  hours ;  the  coal 
consumption  is  55  to  57  per  cent,  of  the  weight  of  the  calcined  matte. 
The  products  are  43  to  48  per  cent,  of  black  copper  containing  92  to 
95  per  cent,  of  metal,  0*185  per  cent,  of  silver,  2  to  3  per  cent,  of 
concentrated  matte,  slags  from  the  first  drawing  with  5  to  6  per  cent, 
of  copper,  and  slags  from  the  second  drawing  with  20  to  25  per  cent. 

At  Wallaroo,  where  the  matte  is  calcined  in  continuous-acting 
rotating  cylinders,  the  calcined  matte  is  mixed  for  smelting  with 
a  certain  quantity  of  raw  matte,  the  products  being  coarse  copper  and 
a  certain  amount  of  matte  rich  in  copper. 

In  Bischofshofen,  Salzburg,  calcined  white  metal  mixed  with  raw 
metal  was  formerly  smelted  in  reverberatory  furnaces  for  coarse  copper. 

At  Briton  Ferry  and  Pembrey,  in  South  Wales,  white  metal  is 
calcined  for  the  direct  process  in  inclined,  continuous-working 
cylinders,  59  feet  long  and  7  feet  in  diameter,  with  a  tilt  at  the 
higher  end  of  5J  inches.  The  desulphurising  is  carried  down  to 
from  1  to  3  per  cent,  of  sulphur,  and  the  matte  contains  76  per  cent, 
of  copper. 

With  8  rotations  an  hour,  the  cylinder  puts  through  10  tons  of 
matte  in  twenty-four  hours,  the  coal  consumption  being  10  per  cent, 
of  the  matte,  exclusive  of  the  coal  used  for  power. 

VOL.  I  o 
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SMELTING  WHITE   METAL  FOR  COARSE  COPPER  WITHOUT 

CALCINATION  (ROASTING) 

This  roasting  operation  is  peculiar  to  the  Welsh  process,  and  con- 
sists in  alternate  oxidations  and  reductions  several  times  repeated,  in 
reverberatory  furnaces.  By  a  very  slow  softening  and  subsequent 
drop  by  drop  fusion  of  the  metal  with  access  of  air,  a  certain  amount 
of  the  copper  of  the  matte  is  oxidised,  and  on  the  temperature  being 
raised,  this  oxide  reacts  upon  the  sulphide  remaining  undecompased. 
The  slag  produced  is  skimmed  oflp,  and  the  oxidation  is  repeated  by 
allowing  the  molten  material  to  cool  with  access  of  air,  after  which 
the  air  supply  is  cut  off  and  the  temperature  again  raised,  when  fresh 
reaction  of  the  oxides  upon  the  sulphides  ensues. 

In  England,  white  metal,  a  matte  with  5  to  10  per  cent,  of  iron 
and  small  quantities  of  zinc,  tin,  cobalt,  nickel,  arsenic  and  antimony, 
is  more  particularly  subjected  to  this  process.  It  is  carried  out  in 
furnaces  similar  to  the  ore-smelters,  provided  with  Sheffield's  hollow 
firebridges.  The  construction  of  the  furnace  is  shown  in  Figs.  159 
and  160.  In  these  a  is  the  fire-door,  z  the  firebridge,  into  which  air 
enters  by  the  channel  b,  rises  up  through  it,  and  after  being  thus 
heated,  finds  its  way  into  the  furnace  through  the  flues  b\  Opposite 
to  the  taphole  c  is  a  lateral  working  door,  through  which  the  metal 
is  charged  into  the  furnace. 

In  England  the  charge  is  2^  to  4  tons  of  matte,  whilst  the  larger 
American  furnaces  will  take  up  to  8  tona  The  bed  of  the  furnace, 
even  in  it«  lower  layers,  must  be  highly  charged  with  copper.  The 
metal  is  charged  in  England  in  pigs  of  about  3  cwts.  each,  so  arranged 
that  the  air  can  circulate  round  each  pig.  No  fluxes  are  added ;  the 
slag  is  derived  partly  from  the  sand  adhering  to  the  pigs  which  are 
cast  in  a  sand-bed,  partly  from  the  quartz  of  the  furnace  bed. 

The  metal  is  heated  slowly  with  free  access  of  air  until  it  softens, 
and  is  left  for  some  time  in  this  condition ;  it  is  then  melted  down 
very  slowly  drop  by  drop,  whereby  the  sulphides  of  the  matte  are  in 
part  converted  into  oxides,  which  latter  react  upon  the  sulphides,  both 
whilst  the  metal  is  in  a  pasty  condition,  and  whilst  it  is  being  melted 
down,  which  takes  from  six  to  eight  hours.  The  above  reaction  now 
continues  on  the  bed  of  the  furnace,  while  bubbles  of  sulphur  dioxide 
escape  from  the  molten  mass.  As  soon  as  the  evolution  of  gas 
slackens,  the  slag  that  has  been  formed  is  skimmed  off,  and  the  tem- 
perature is  lowered  by  opening  the  fire-door.  The  sulphur  dioxide, 
which  is  still  being  formed,  tries  to  break  through  the  cooling  surface 
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of  the  molten  mass,  and  covers  it  with  protuberances  aiid  crater-like 
excrescences.  The  surface  of  the  contents  of  the  hearth  ia  thus 
materially  increased,  and  a  larger  area  is  exposed  to  the  air  for  the 
oxidation  of  the  copper  and  the  metallic  sulphides,  cuprous  oside 
being  more  especially  produced.  After  a  given  time  (four  to  fivg 
hours)  the  reaction  of  the  oxides  with  the  sulphides  is  again  brought 
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about  by  raising  the  temperature.  The  cuprous  oxide  is  dissolved 
by  the  already  formed  metallic  copper,  and  thus  distributed  through 
the  entire  mass,  where  it  acts  upon  the  sulphide  of  copper  that  is 
still  present,  forming  copper  and  sulphide  dioxide.  After  eighteen  to 
twenty-four  hours  from  the  time  of  charging,  the  doors  and  the 
air  channel  of  the  firebridge  being  all  closed,  a  strong  fire  ia  put  on  so 
as  to  complete  the  reaction,  to  slag  off  any  oxides  that  are  present, 
and  to  separate  the  copper  from  the  slag ;   the  latter  is  then  drawn 
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oflF  and  the  copper  tapped  into  sand  moulds.  For  the  preservation  of 
the  furnace  bed,  it  is  needful  to  keep  it  well  charged  with  coarse  copper. 
To  this  end,  the  furnace  is  not  tapped  until  the  bed  has  soaked  up 
from  8r  to  20  tons  of  the  coarse  copper. 

With  charges  of  3  to  4  tons,  the  process  takes  twenty-four  hours, 
with  8  ton  charges  about  twice  as  long.  The  consumption  of  fuel  is 
60  per  cent,  of  the  weight  of  white  metal. 

On  the  average,  English  white  metal  yields  60  per  cent,  of  coarse 
copper  and  87  of  rich  slag,  called  roaster  slag.  The  coarse  copper 
is  full  of  cavities,  and  is  known  as  blister  copper.  Its  composition 
is  shown  by  the  following  analyses  by  Le  Play : — 


I. 

Cu 

.     .     .     97-5 

Fe 

.    .    .      0-7 

S 

.     .     .      0-2 

Sn  and  Sb      . 

.     .     .      10 

0  and  loss 

k                   .                          1                       • 

.    .    .      0-6 

•        -1 

II. 

IIL 

980    .     . 

.     98-5 

0-6    .    . 

.      0-8 

0-3    .     . 

01 

0-7     .    . 



0-5     .     . 

.      0-6 

Boaster  slag  is   vesicular  and  contains  20  to  40  per  cent,  of 
copper ;  according  to  Le  Play  its  composition  is : — 

Silica 47  5  per  cent. 

Ferrous  oxide 28*0 

Cuprous  oxide 16*9 

Alumina 30 

Oxides  of  nickel,  1 

cobalt  and  manganese/  * 

Tin  oxide 03 

Metallic  copper 2*0 

It  also  often  contains  sulphide  of  iron. 

This  slag  is  added  to  the  charge  in  the  metal  furnace. 


0-9 


f> 


If 


It 


a 


>t 


ft 


11 


11 


>i 


» 


» 


}» 


THE  SMELTING  OF  WHITE  METAL  FOR  REFINED  COPPER — THE  DIBEa 

PROCESS 

This  method  consists  in  smelting  white  metal,  containing  only 
small  quantities  of  iron,  with  nearly  dead  roasted  matte  in  such 
quantity  that  the  oxygen  of  the  latter  completely  removes  the 
sulphur  from  the  white  metal,  forming  thereby  sulphur  dioxide  and 
metallic  copper. 

The  latter  may  then  be  drawn  off  and  refined  straightway,  in  the 
usual  manner,  as  described  later  on.     The  iron  is  slagged  off  by  the 
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silica  of  the  bed.  Owing  to  the  violent  reaction  between  the  oxide 
and  sulphide  of  copper,  a  complete  removal  of  antimony  and  arsenic 
is  said  to  be  brought  about.  In  general,  the  proportion  between 
white  metal  and  dead  roasted  matte  is  as  1  to  2.  The  difference 
between  the  roasting  and  the  direct  process  is  that  in  the  former  the 
partial  oxidation  of  the  sulphide  is  due  to  air ;  while  in  the  latter  the 
oxygen  is  supplied  by  the  dead  roasted  matte.  As  a  result,  the 
reaction  takes  place  immediately  the  requisite  temperature  is  attained 
in  the  direct  process,  whilst  in  the  other  case  a  relatively  long  time  is 
needed  to  complete  the  reaction.  Not  only,  therefore,  is  the  direct 
process  quicker  and  consequently  cheaper  than  the  roasting  process, 
but  it  may  be  carried  through  with  much  less  loss  of  metal.  This 
constitutes  its  main  advantage. 

The  merits  of  this  process  have  been  proved  during  eight  years' 
working.  It  is  in  use  at  the  works  of  the  Cape  Copper  Co.,  Ltd.,  in 
Briton  Ferry,  South  Wales,  where  white  metal  containing  76  per  cent, 
of  copper  is  worked  up.  A  suitable  amount  (§)  of  this  is  calcined  in 
rotating  cylinders,  59  feet  long,  7  feet  in  diameter,  with  a  slope  of  5^ 
inches  on  this  length,  fitted  inside  with  4  longitudinal  ribs  to  hold  in 
place  the  pulverulent  metal.  The  cylinder  rotates  8  times  an  hour, 
and  calcines  10  tons  of  metal  down  to  2  per  cent,  of  sulphur  in  24 
hoars.  The  coal  consumption,  exclusive  of  the  amount  used  for  power, 
is  10  per  cent,  of  the  weight  of  uncalcined  metal. 

The  best  proportion  for  each  charge  is  determined  by  a  test  smelt 
in  a  fireclay  crucible.  In  general,  2  parts  by  weight  of  calcined  to  1 
of  uncalcined  metal  are  used.  The  furnaces  are  arranged  like  the 
ordinary  refinery  reverberatories  to  be  described  later. 

In  24  hours,  15  tons  of  the  mixture  are  worked  for  refined  copper. 
When  the  mass  is  charged  into  the  furnace,  it  is  exposed  to  a  strong 
heat  for  4  to  5  hours,  upon  which  much  bubbling  due  to  escape  of 
sulphur  dioxide  takes  place,  the  gas  being  formed  by  the  reaction  be- 
tween oxide  and  sulphide.  So  much  heat  is  developed  in  this  reaction 
that  the  external  heat  may  be  largely  withdrawn.  When  bubbles 
cease  to  be  formed,  the  mass  is  strongly  heated,  the  slag  skimmed  off 
and  the  copper  treated  as  in  the  refinery  process.  According  to 
Peters,^  100  tons  of  white  metal  (68  tons  of  which  were  calcined),  con- 
taining 76  per  cent,  of  copper,  yielded  in  an  8  months'  run  68*4  tons  of 
refiued  copper  and  19  tons  of  slag.  In  another  case,  from  the  same 
quantity  and  quality  of  metal  (74  tons  being  calcined  and  26  tons 
uncalcined),  71 '5  tons  of  refined  copper  and  15*6  tons  of  slag  were  got 
ifl  7  weeks.     On  the  other  hand,  by  the  roasting  process,  100  tons 

*  Op.  cit,  p.  62  . 
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of  white  metal  containing  73  per  cent,  of  copper  yielded  34  tons  of 
slag  and  only  501  tons  of  blister  copper,  so  that  in  this  case  much 
more  copper  had  been  slagged  off  than  in  the  direct  process.  The  total 
cost  of  production  of  refined  copper  by  the  Welsh  process,  from  1  ton 
of  ore  containing  15  per  cent,  copper  amounts  to  14«.  2d,,  or  per  ton 
of  copper  £4  145.  4d.,^  the  corresponding  costs  by  the  direct  method 
being  12s.  7d,  and  £4  35.  lid.  respectively.  Without  doubt,  this  pro- 
cess would  be  applicable  to  mattes  containing  less  copper  than  white 
metal. 


THE  ENGLISH  PROCESS  WITH  REPEATED  CONCENTRATION 

OPERATIONS 

(Welsh  Process) 

This  process  is  more  particularly  carried  out  in  the  neighbourhood 
of  Swansea  in  South  Wales. 

The  ores  are  first  calcined  and  then,  as  explained  above,  smelted 
for  coarse  metal  with  30  to  35  per  cent,  of  copper.     The  subsequent 
treatment  of  this  metal  depends  upon  its  purity,  upon  the  quality  of 
the  copper  which   the  smelter  may  wish  to   produce  to  meet  the 
demands  of  the  market,  and  upon  the  quantity  and  nature  of  the 
fluxes  on  hand  in  the  form  of  either  natural  oxidised  ores,  such  as 
carbonates  of  copper  and  cuprite,  or  of  metallurgical  products  such  as 
calcined   mattes  and   stags   containing  copper.      By  regulating  the 
quantity  of  oxidised  additions  as  also  the  degree  of  calcination,  it  is 
possible  to  produce  not  only  mattes  richer  in  copper  and  lower  in 
sulphur,  but  also  a  certain  amount  of  coarse  copper  in  the  course  of 
the  smelting.     As  this  coarse  copper,  so-called  bottoms,  takes  up  the 
tin,  arsenic,  and  antimony  that  may  have  been  present  in  the  coarse 
metal,  bottoms  and  purer  mattes  are  produced,  whenever  it  is  required 
to  prepare  the  purer  qualities  of  copper  from   impure  metal;  the 
purer  matte  thus  obtained  is  then  treated  further  for  the  extraction 
of  high  grade  copper,  whilst  the  bottoms  are  worked  up  for  inferior 
qualities  {tile  copper). 

From  pure  coarse  metal,  concentrated  mattes  are  produced  that 
can  be  smelted  direct  for  coarse  copper ;  for  impure  metal,  on  the 
contrary,  the  process  of  concentration,  with  the  production  of  bottoms 
in  the  case  of  need,  is  repeated  one  or  more  times, 

^  JBtig.  and  Min.  Joumai,  V.  3,  Dec,  1898.  Berg,  und  Huttenm.  Ztg.,  1899, 
p.  30. 
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Matte  concentration  is  performed  either  by  calcining  the  coarse 
metal  according  to  any  one  of  the  already  described  methods,  followed 
by  smelting  in  reverberatory  furnaces  with  or  without  the  addition  of 
oxidised  materials,  or  else  by  the  above  described  roaster  process ;  it 
is  not  carried  quite  as  fiu*  as  when  blister  copper  is  to  be  produced, 
the  products  being  a  concentrated  matte  and  slag.  This  roasting 
process  takes  a  good  deal  of  time,  and  is  therefore  but  rarely  employed 
except  in  the  Welsh  process  proper. 

The  concentrated  mattes  are  also  smelted  for  blister  copper  by 
the  same  roasting  process  as  already  described. 

The  slags  rich  in  copper  produced  in  these  concentrating  opera- 
tions are  smelted  with  pyritic  copper  ores  in  reverberatory  furnaces, 
and  produce  various  grades  of  matte  and  certain  quantities  of  coarse 
copper  (bottoms).  If  the  copper  ores  used  contain  tin,  a  tin-copper 
alloy,  known  as  hard  metal,  which  is  used  in  that  form  in  the  arts,  is 
found  to  separate  out  between  the  bottoms  and  the  matte. 

The  bottoms  collect,  besides  tin,  antimony,  and  arsenic,  the 
whole  of  the  gold  and  a  part  of  the  silver  of  the  matte,  and  are 
treated  for  gold  whenever  they  contain  this  metal  in  workable  pro- 
portions.    The  copper  produced  from  them  is  of  inferior  quality. 

The  following  are  the  various  methods  by  which  coarse  metal 
may  be  worked : 

1.  (a)  Calcination  of  coarse  metal. 
{b)  Smelting  for  white  metal 

(c)  Roasting  white  metal  for  blister  copper. 
This  method  is  employed  when  copper  of  ordinary  quality  is  required. 
The  calcined  coarse  metal  is  smelted  with  sufficient  oxidised  material 
to  yield  white  metal  with  about  76  per  cent,  of  copper.  This  is  in 
fact  the  English,  process  in  its  simplest  form.  If  copper  of  better 
quality — so-called  tough  copper — is  required,  the  amount  of  oxidised 
ores  added  is  increased,  so  as  to  produce  a  certain  proportion  of  bottoms. 

2.  (a)  Calcination  of  coarse  metal. 
{h)  Smelting  for  pimple  m^tal, 

(c)  Roasting  pimple  metal  for  blister  copper. 
This  method  is  employed  when  it  is  desired  to  obtain  blister  copper 
from  pure  coarse  metal  in  a  relatively  short  time.  In  this  case  the 
calcined  coarse  metal  is  smelted  with  more  oxidised  materials  than 
when  white  metal  is  to  be  made.  Pimple  metal,  as  its  name 
implies,  is  full  of  cavities  and  always  contains  metallic  copper.  Its 
percentage  of  copper  is  78.  If,  owing  to  the  addition  of  still  larger 
quantities  of  oxidised  materials,  it  is  still  richer  in  copper,  or  contains 
a  larger  quantity  of  metallic  copper,  it  is  called  close  reguhcs. 
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According  to  Napier,  pimple  metal  contains  on  the  average : — 

Copper 78  per  cent. 

Sulphur 18 

Iron 2 

Slag 2        „ 

The  slag  produced  in  this  process  contains,  according  to  Napier:— 

Silica 60*4  per  cent. 

Ferrous  oxide 361         „ 

Copper 35         „ 


3.  (a)  Calcination  of  coarse  metal. 

(6)  Smelting  of  the  above  for  blue  metal, 
(c)  Roasting  the  blue  metal  for  special  white  metal, 
{d)  Roasting  the  special  white  metal  for  blister  copper. 
This  process  is  applied  when  high  qualities   of  copper  {best-sekcied 
copper)  are  to  be  made.     The  blue  metal  which  is  firat  made,  con- 
tains on  an  average  55  per  cent,  of  copper ;  to  produce  it,  the  coarse 
metal  is  either  calcined  slightly  or  is  smelted  with  but  small  additions 
of  oxidised  ores  or  metallurgical  products.     Blue  metal  has  a  bronze 
colour,  but  when  broken  hot,  the  fractured  surface  is  blue  ;  its  com- 
position is  as  follows,  according  to  Le  Play  : — 

Copper 56*7  per  cent. 

Iron     .     .    ,     . .  16-3 

Nickel  and  a  trace  of  manganese     .     .  1*6 

Tin  and  a  trace  of  arsenic 1*2 

Sulphur 23-0 

Slag     . 0-5 

Blue  metal  contains  metallic  copper,  which  is  not  the  case  with 
white  metal.  This  copper  occurs  in  fibrous,  hair-like,  or  wire-like 
forms,  or  in  coherent  powdery  masses  in  the  vesicular  cavities  of  the 
metal,  and  is  known  as  moss  copper.  Its  composition,  according  to 
Le  Play  and  Napier,  is  as  follows : — 


. 

LePlay. 

Napier. 

Napier. 

Cu 

.  98-2    .    . 

.    .    98-5 
.    .    trace 

.     .  99 

Fe 

.    0-4     . 

,    .    .  trace 

Ni 
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■                                                   «               • 
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Sn  and  Sb  .    . 

"                                •              • 

.    .    10  .    . 

.    .   0-5 

Sand  and  Carbon  . 

.  trace   .    . 
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Moss  copper  is  produced  as  explained  in  the  case  of  Diinnstein  {see 
page  150).  Hampe^  has  shown  that  molten  cuprous  sulphide  is 
capable  of  dissolving  copper  at  high  temperatures  and  letting  it 
separate  out  on  cooling  as  moss  copper  if  rapidly  cooled,  but  as  a 
reguline  mass  if  cooled  slowly.  This  explanation  was  given  many 
years  ago  by  Percy,  who  pointed  out  that  when  this  metal,  containing 
moss  copper,  is  re-melted,  the  molten  mass  is  homogeneous,  and  does 
not  form  two  layers  of  copper  and  matte  respectively. 

The  slag  produced  is  the  same  as  in  smelting  for  white  metal,  and 
is  added  to  the  charge  in  ore  smelting  and  metal  smelting. 

At  some  works,  the  coarse  metal  is  not  calcined  before  being 
smelted,  but  is  roasted  direct  for  blue  metal  (as  at  the  Cwm  Avon 
works).  In  this  case  the  coarse  metal  is  charged  in  3  cwt.  pigs,  heated 
for  4t\  hours  till  it  becomes  pasty,  and  melted  down  during  |  hour  at 
a  high  temperature. 

Blue  metal  is  roasted  in  the  way  already  described,  the  charge 
being  32  cwts.  at  a  time ;  when  the  roasting  is  complete,  the  slag  is 
skinmied  and  the  metal  run  into  sand  moulds.  If  need  be,  the 
roasting  is  repeated  after  the  skimming,  the  surface  of  the  metal 
being  allowed  to  cool  first.      Two  charges  are  worked  off  in  24  hours. 

The  special  white  metal  produced  contains  77  per  cent,  of  copper ; 
the  slags  are  rich  in  copper  and  are  for  the  most  part  treated  by  the 
slag-smelting  process  to  be  presently  described  under  (5). 

The  roasting  of  the  special  white  metal  is  conducted  in  the 
ordinazy  way. 

4.  (a)  Calcination  of  coarse  metal. 
{h)  Smelting  for  blue  metal, 
(c)  Roasting  for  special  white  metal. 
{d)  Roasting  the  special  white  metal  for  fine  metal. 
(e)  Roasting  the  fine  metal  for  blister  copper. 

This  method  is  used  for  the  preparation  of  the  better  grades  of 
copper ;  it  is  conducted  like  the  foregoing  one,  as  far  as  the  roasting 
for  special  white  metal.  The  latter  is  roasted  together  with  two 
other  kinds  of  matte  obtained  by  melting  slags  with  copper  pyrites, 
the  so-called  red  and  white  slag  metal.  These  two  latter  compose 
one-fifth  of  the  total  charge,  which  amounts  to  30  cwts.  The  opera- 
tion is  a  short  one  owing  to  the  small  amount  of  copper  present ;  it 
takes  3J  hours,  of  which  2\  are  occupied  by  the  oxidation.  In 
consequence  of  the  large  amount  of  cuprous  oxide  contained  in 
the  slag,  a  partial  separation  of  the  copper  as  bottoms  occurs ; 
100  parts  of  charge  produce  64  parts  of  fine  metal  with  81  per  cent. 

^  Chemiker  Ztituiig,  1S93,  17,  No.  92. 
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of  copper,  10  parts  of  bottoms  with  92  to  93  per  cent,  of  copper,  and 
11  to  12  parts  of  slag  with  11  per  cent,  of  copper. 

The  fine  metal  is  roasted  for  blister  copper. 

5.  (a)  Smelting  cupriferous  slags  for  red  and  white  slag  metal. 

(b)  Roasting  the  red  and  white  slag  metal  together  with  special 

white  metal  for  fine  metal. 

(c)  Roasting  the  fine  metal  for  blister  copper. 

The  slags  produced  in  the  various  smelting  operations  for  white 
metal,  special  white  metal,  and  fine  metal,  are  smelted  with  quartzose 
copper  pyrites  mixed  with  a  little  culm,  the  products  being  matte 
and  bottoms.  The  matte  is  either  very  pure  white  metal  or  else, 
with  charges  rich  in  sulphur,  red  metal  having  a  composition  similar 
to  blue  metal.  If  the  ores  or  the  mattes  contain  tin,  a  white  brittle 
alloy  of  copper  and  tin,  known  as  hard  metal,  forms  a  layer  above  the 
bottoms.  The  charge  is  about  2  tons,  and  is  worked  oflF  in  five  and 
three-quarter  hours ;  the  white  metal  contains  74  to  75  per  cent  of 
copper,  the  red  metal  about  62  per  cent. 

The  hard  metal  contains  66  per  cent,  of  copper  and  28  per  cent, 
of  tin,  and  is  an  article  of  commerce.  The  slags  can  be  thrown  away. 
The  red  and  white  slag  metal  are  mixed  with  special  white  metal 
and  roasted  for  fine  metal,  which  is  then  worked  for  blister  copper. 

The   original    Welsh   process  just  described  has  been  radically 
altered  of  late  in  most  works.^    The  chief  coppei:  ores  were  formerly 
those  poor  in  sulphur,  so  that  they  had  to  be  first  roasted  and  then 
smelted  for  coarse  metal.     At  present  the  smelter  has  at  his  disposal 
rich  ores,  mattes,  and  copper  precipitates  (cement  copper,  and  sulphide). 
These  do  not  need  to  be  treated  for  coarse  metal,  but  can  be  worked 
for  concentrated  matte,  either  directly  or  after  previously  roasting. 
This  treatment,  however,  yields  rich  slags  which  cannot  be  thrown 
away.    These  are  accordingly  smelted  with  poor,  uncalcined  quartzose 
ores  in  shaft  furnaces  or  in  coarse-metal  reverberatories,  whereby  the 
rich  slags  give  up  their  copper  to  the  coarse  metal,  and  worthless 
slags  are  formed.     The  process,  therefore,  at  present  in  use  at  most 
of  the  Welsh  works  differs  from  the  original  Welsh  process  in  that  the 
smelting  for  coarse  metal,  once  the  chief  operation,  has  become  un- 
important, and  is  only  used  for  cleaning  rich  slags  and  for  working 
up  poor  ores.      Calcination,  previous  to  smelting  for  coarse  metal,  is 
only  carried  out  with  poor  quartzose  ores,  and  when  the  sulphur 
dioxide  can  be  utilised  for  the  manufacture  of  sulphuric  acid.    This 
calcination  cannot,  of  course,  be  performed  in  the  reverberatories. 

*  W.  Terrill.     The  Eng.  and  Min,  Joum.,  Dec.  3rd,  1898.     Berg,  und  HiiUem. 
Ztg.,  1899,  p.  28. 
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For  lump  ore  Pyrites  burners  or  kilns  are  employed,  while  Ger- 
stenhofer,  Mal^tra,  or  Muffle  furnaces  are  used  for  fines. 

The  shaft  furnaces  used  in  the  production  of  coarse  metal  at  most 
works  are  of  the  American  pattern,  with  water-jackets.  For  constant 
working  they  are  cheaper,  and  they  produce  a  clean  slag.  The  cost 
per  ton  of  charge  of  a  furnace  that  puts  through  400  tons  a  week  is 
from  three  to  four  shillings  in  Wales.    This  cost  includes : — 

8.     d. 

Wages 2     0 

Coal  and  Coke 10 

Upkeep 0    3 

A  Welsh  reverberatory  furnace  costs  4s.  6rf.  per  ton  of  charge, 
amongst  the  itema  being — 

8,      rf. 

Wages 2     0 

Coal .19 

Upkeep 0     6 

Where  continuous  working  of  the  shaft  furnaces  is  impossible 
owing  to  dearth  of  rich  slags  and  poor  ores,  reverberatories  are  -kept 
for  the  coarse  metal  smelting.  In  some  cases  even  they  have  been 
returned  to,  after  trial  with  shaft  furnaces. 

Amongst  other  improvements  may  be  mentioned  these : — 
The  application  of  the  mechanical  calcining  furnaces  described 
above  (the  cost  per  ton,  exclusive  of  ore  crushing,  is  for  the 
Welsh  furnace,  worked  by  hand,  7^.  6^/.,  for  the  rotating  cylinder,  6&'., 
for  the  Ropp  furnace  with  mechanical  rabble,^  45.) ;  the  use  of  fire- 
brick as  lining  for  the  furnace  hearth ;  and  the  introduction  of  the 
direct  process,  already  described  in  detail. 


TREATMENT  OF  COPPER  BOITOMS 

The  copper  bottoms  produced  in  the  various  processes  of  matte 
concentration  contain  the  impurities  of  the  mattes  which  would 
remain  in  them  if  bottoms  were  not  made,  especially  arsenic, 
antimony,  tin,  nickel  and  cobalt.  Bottoms,  as  already  said,  are  pro- 
duced with  the  object  of  obtaining  pure  mattes  for  the  preparation  of 
high  grade  copper.    This  pure  matte  is  called  spongy  reg^Uus. 

*  The  Sng.  and  Min,  Joum,,  V.   ,  Dec.  1898. 
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The  composition  of  bottoms  is  shown  by  the  folio  wing  analyses  :— 

Napier.  Le  Play. 

Cu 74-6 86-5 

Sn 13-8 3-2 

Sb 4-5 0-7 

Pb 0-8 1-8 

Fe 2-5 6-9 

S 3-9 — 

The  bottoms  are  either  added  in  certain  proportions  to  the  various 
mattes  when  these  latter  are  roasted  for  blister  copper,  or  they  are 
roasted  by  themselves  for  blister  copper.  The  latter  is  refined  and 
forms  the  lower  grades  of  copper,  known  in  commerce  as  cake  copper 
when  in  the  form  of  bars,  or  as  tile  copper  when  in  the  form  of  slabs. 

Quite  recently  attempts  have  been  made  by  Gilchrist,  the  inventor 
of  the  basic  lining  for  the  Bessemer  converter,  to  use  it  also  for  roasting 
bottoms.  The  results  of  replacing  the  quartzose  bed  by  a  basic  one 
appeared  to  be  satisfactory,  and  induced  an  English  works  to  have  all 
its  furnace  beds  thus  altered.  The  basic  bed  is  composed  of  calcined 
dolomite,  mixed  with  tar,  which  is  stamped  in  layers  into  the 
reverberatory  furnace  and  then  fired ;  its  advantages  are  that,  when 
the  bottoms  are  roasted  on  it,  far  less  copper  is  slagged  off  than  on 
a  siliceous  bed,  and  that  with  arsenical  bottoms  the  bed  is  far  more 
durable  than  a  siliceous  one.  The  oxidising  roasting  of  bottoms  for 
the  purpose  of  freeing  them  from  impurities,  and  especially  from 
arsenic,  takes  a  very  long  time,  in  consequence  of  which  much  copper 
is  oxidised  and  the  bed  is  strongly  attacked.  On  a  siliceous  bed  the 
copper  is  slagged  off,  which  occurs  to  a  very  small  extent  only  on  a 
basic  bed  according  to  Gilchrist's  experiments ;  in  the  latter  case,  not 
only  is  less  slag  formed,  but  it  is  also  poorer  in  copper.  According 
to  Gilchrist's  experiments,  when  the  same  quantity  of  bottoms  was 
treated  on  an  acid  and  on  a  basic  bed,  only  half  the  amount  of  slag 
was  produced  on  the  latter,  and  it  contained  only  25  per  cent,  of 
copper  as  against  55  per  cent,  on  the  former.  Furthermore,  when 
arsenical  bottoms  have  to  be  treated  the  operation  lasts  so  long  that 
a  quartzose  bed  becomes  seriously  damaged,  and  the  lining  has  often 
to  be  renewed  after  a  very  short  time,  whilst  with  a  basic  bed  these 
objections  do  not  hold.  Other  metallurgists  have,  however,  raised 
objections  to  basic  beds,  and  these  latter  have  not  yet  come  into 
general  use. 

When  the  bottoms  contain  gold  or  silver,  the  precious  metals  are 
extracted  by  dry  methods,  wet  methods,  or  electrolytically. 
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EXAMPLES   OF  THE   ENGLISH   PROCESS   OF   COPPER   SMELTING 

The  English  process,  with  all  the  above  indicated  modifications,  is 
employed  in  the  South  Wales  works,  especially  in  the  neighbourhood 
of  Swansea,  as  also  at  St.  Helens,  near  Liverpool.  The  largest 
English  works  are  Vivian's  Copper  Works,  near  Swansea,  known  as 
the  Hafod  Works.  In  these  English  works,  the  objects  of  treatment 
are  chiefly  foreign  ores  and  mattes  from  Chili,  Cuba,  Italy,  Spain, 
Africa,  and  Australia.  Since  Chili  has  commenced  to  treat  a  large 
proportion  of  its  own  ores,  the  production  of  the  English  works  has 
fallen  off  considerably.  Besides  Chili,  the  English  process  is  used  in 
Australia,  North  America,  and  Lapland.  In  North  America  it  has 
been  supplanted  in  most  works  by  the  Bessemer  Process.  In  Germany 
it  was  formerly  in  operation  at  the  Elbkupferwerk,  near  Hamburg  ; 
at  the  Aggerthal  Copper  Works,  near  Duisburg,  and  at  Dillenburg  ; 
and  is  still  used  at  the  Tubalkain  Works,  near  Remagen,  on  the 
Rhina 

At  the  Chilian  works  at  Guayacan,  Chanarcitos,  and  Totoralillo, 
the  ores  are  calcined  and  smelted  for  coarse  metal  with  50  per  cent, 
of  copper;  this  is  powdered  small  and  calcined  in  reverberatory 
furnaces,  then  mixed  with  siliceous  oxidised  ores  and  rich  slags  and 
smelted  for  blister-copper  containing  96  per  cent,  of  copper,  and  a 
matte  containing  80  per  cent.  This  matte  is  then  roasted,  and 
}4elds  copper  of  great  purity. 

About  two-thirds  of  the  Chilian  copper  is  made  by  the  English 
process ;  the  rest  by  the  Bessemer  and  the  Anglo-German  process. 

At  the  smelting  works  at  Wallaroo,  ores  containing  18  per  cent, 
of  copper  are  calcined  in  continuous-acting  rotating  cylinders  down 
to  5  per  cent,  of  sulphur,  mixed  with  lump  ores  calcined  in  stalls, 
low  in  sulphur,  and  smelted  for  coarse  metal  with  50  per  cent,  of 
copper,  12  tons  being  smelted  in  twenty-four  hours.  The  coarse 
metal  is  in  part  calcined  in  rotating  cylinders,  then  mixed  with  raw 
metal,  and  roasted  for  blister-copper,  which  is  afterwards  refined. 
This  method  was  in  use  during  the  author's  visit  in  1892. 

Gold  and  silver  ores  are  also  smelted  there  with  copper  ores  pre- 
viously calcined  in  rotating  cylinders,  in  the  already  (p.  176)  described 
large  reverberatory  furnaces,  which  treat  25  tons  in  twenty-four 
hours.  The  coarse  metal  thus  obtained  is  partially  calcined  in 
rotating  cylinders,  and  then  smelted  for  bottoms  and  a  rich  matte. 
The  bottoms  were  to  be  treated  electrolytically  (this  process  was  not 
yet  in  operation  when  the  author  visited  Wallaroo),  whilst  the  rich 
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matte  was  first  to  be  desilverised  by  the  Ziervogel  process  (see  Silver, 
supra),  and  then  treated  for  copper  by  reduction  of  the  oxides  and 
refining. 

At  the  Argo  works  in  Colorado,  copper,  silver  and  gold  ores  are 
treated.  The  ores  are  first  calcined  in  a  Pearce  furnace,  and  then 
smelted  in  large  reverberatories  with  a  daily  capacity  of  50  tons, 
producing  argentiferous  coarse  metal  with  40  to  45  per  cent,  of  copper 
and  300  ounces  of  silver  to  the  ton.  This  coarse  metal  is  calcined 
in  long- bedded  reverberatory  furnaces,,  and  smelted  for  a  second 
matte  with  60  per  cent,  of  copper.  The  latter  is  desilverised  by  the 
Zietvogel  process,  the  residue  from  which,  consisting  essentially  of 
oxide  of  copper  with  a  small  quantity  of  oxide  of  iron,  partially  freed 
from  silver,  is  smelted  with  pyri tic  copper-bearing  gold  ores,  producing 
bottoms  and  matte.  This  matte  is  also  desilverised  by  the  Ziervogel 
process.  If  it  is  then  free  from  gold,  it  is  reduced,  and  the  copper 
obtained  is  refined ;  if  it  still  retains  notable  quantities  of  gold  and 
silver,  it  is  sold  to  works,  where  it  is  treated  with  sulphuric  acid  for 
the  production  of  bluestone,  and  the  gold  and  silver  extracted  from 
the  residues. 

The  bottoms  are  purified  in  the  dry  way,  the  gold  concentrated  in 
them  and  finally  separated  by  a  wet  method. 

At  the  Tubalkain  works,  near  Remagen,  in  Rhenish  Prussia,  ores 
containing  8  to  10  per  cent,  of  copper  are  smelted  for  coarse  metal  in 
1  to  1^  ton  charges.  This  is  calcined  in  reverberatory  furnaces  and 
then  smelted  in  24  cwt.  charges  to  fine  metal  with  80  per  cent,  of 
copper ;  the  latter  is  roasted  ip  34  cwt.  charges  for  blister  copper. 

THE   ANGLO-GERMAN   PROCESS  OF  COPPER   SMELTING 

The  English  and  German  processes  are  combined  at  many  works, 
in  that  the  ore  smelting  is  conducted  in  shaft  furnaces,  whilst  the 
matte  is  concentrated  in  reverberatories,  and  the  smelting  for  coarse 
copper  is  performed  in  either  form  of  furnace.  In  but  few  cases,  as  at 
Kedabeg  in  the  Caucasus,  is  the  ore  smelted  in  reverberatories,  and 
the  matte  concentrated  in  shaft  furnaces.  This  modification  arises 
from  the  use  of  naphtha  residues  as  fuel  for  the  reverberatories. 

Thus  in  England,  the  English  process  has  been  modified  at  some 
works  by  using'  the  shaft  furnace  for  ore  smelting,  because  it  is  the 
cheaper  method  and  because  it  produces  clean  slags  that  can  be 
thrown  away. 

In  Germany  and  Austria  on  the  other  hand,  the  German  process 
has  been  modified  by  using  the    reverberatory  furnacQ   for  mfttt-e 
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concentration  and  sometimes  also  for  the  production  of  coarse  copper. 
This  modification  has  been  applied  both  to  impure  ores  free  from 
silver  and  to  argentiferous  orea  Concentration  in  reverberatory 
furnaces,  because  carbon  is  not  employed  as  the  reducing  agent, 
produces  purer  mattes  than  do  shaft  furnaces,  such  mattes  being 
required  for  the  production  of  pure  copper,  as  also  for  many  of  the 
methods  of  extracting  silver;  it  is  also  much  easier  to  collect  any  gold, 
that  may  be  present  in  the  ore,  in  the  bottoms. 

The  combined  Anglo-German  process  is  in  operation  at  Mansfeld, 
Oker,  Brixlegg,  and  Bischbfshofen  (in  the  Salzburg  district). 

In  the  works  of  the  Mansfeld  Company  the  so-called  KupferschiefeT 
(copper  schist)  is  treated.  It  consists  of  bituminous  schist  with  1*8 
to  3*7  per  cent,  of  copper  in  the  form  of  sulphuretted  copper  ores 
(bomite,  chalcopjrrite  and  chalcocite)  and  a  small  proportion  of  silver, 
equal  to  0*53  to  0*72  per  cent  of  the  copper  present. 

In  addition  to  the  above,  Kupfersckiefer  contains,  according  to 
Berthier : — 

Silica 400  per  cent. 

Alumina 10*7 

Oxide  of  iron 50 

Carbonate  of  lime 19"5 

Carbonate  of  potash 2  0 

Water  and  bitumen 10*3 


ft 
It 
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This  ore  is  calcined  in  heaps  to  remove  water  and  bitumen  and  is 
smelted  in  the  already  described  (page  100)  high  shaft  furnaces,  yield- 
ing coarse  metal  with  30  to  40  per  cent,  of  copper.  This  is  calcined  in 
kibs  and  smelted  in  reverberatory  furnaces,  forming  a  matte  with 
74  to  76  per  cent,  of  copper,  and  on  the  average  0*45  to  0*48  per 
cent  of  silver.  This  is  treated  by  Ziervogel's  process,  and  the 
residue,  consisting  of  oxide  of  copper  and  a  little  oxide  of  iron,  is 
mixed  with  coal,  reduced  in  reverberatory  furnaces,  and  refined 
direct 

The  heaps  for  burning  the  bitumen  out  of  the  schist  have  been 
previously  described  (page  40). 

The  charge  for  smelting  in  the  modem  Mansfeld  furnaces, 
described  on  page  131,  consists  of  17  cwts.  of  burnt  schist,  6  cwts.  of 
Don-bitnminous  limestone  known  as  DaMerg,  which  contains  a  small 
amount  of  silver  and  copper,  1  cwt.  of  slags  containing  copper,  and 
1  cwt  of  skimmings,  the.  conditions  as  to  capacity,  blast,  &c.,  being 
those  previously  given.  The  furnace  gases  are  used  partly  in  heating 
the  blast  in  iron  stoves  up  to  200**  C.,  and  partly  for  raising  steam. 
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The  matte  contains  36  per  cent,  to  40  per  cent,  of  copper,  and  018 
per  cent,  of  silver ;  the  slag  contains  0*2  to  0*3  per  cent,  of  copper. 
It  is  annealed,  and  then  used  as  a  building  material.  It  is  a  mixture 
of  bi-  and  tri-silicate,  its  composition  being  given  on  page  114.  The 
furnace  campaigns  last  from  nine  months  to  two  years.  In  conse- 
quence of  the  use  of  heated  blast  and  of  the  shape  of  the  furnace,  iron  is 
reduced,  which  is  tapped  off  from  time  to  time  through  a  hole  in  the 
bottom  of  the  hearth  ;  it  contains  nickel  and  is  sold  to  nickel  works. 
The  flue  dust  contains  about  14  per  cent,  of  lead.  It  is  mixed  with 
ground  shale,  and  pressed  into  bricks  which  are  burnt  with  the  schist 
and  finally  smelted  in  shaft  furnaces,  producing  lead  with  0*3  to  04 
per  cent,  of  silver.  The  coarse  metal  is  calcined  in  kilns  that  put 
through  about  1 J  tons  in  twenty  hours,  the  gases  evolved  being  led 
into  lead  chambers  for  sulphuric  acid  making  at  the  Kupferkammer 
and  Eckart  works. 

The  calcined  matte  is  smelted  as  described  above,  page  148,  in 
reverberatories,  the  result  being  a  matte  of  the  following  composi- 
tion : — 

Copper 74   — 75     per  cent. 

Silver 0-4—  05 

Iron 3   —  4 

Lead I'S—  21 

Zinc 1-3—  3-3 

Nickel  and  Cobalt  ....     0-6—  0*9 

Sulphur 20   —22 


» 
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The  slags  contain  34*8  to  35*7  per  cent,  of  silica  and  are  added  to 
the  ore  furnace  charge  on  account  of  their  containing  copper. 

By  calcining  the  matte  more  strongly  (by  putting  a  part  of  it 
several  times  through  the  kilns),  bottoms  are  produced  in  smelting. 
These  contain  all  the  gold  of  the  matte,  0*93  per  cent,  of  silver  and 
94  to  97  per  cent,  of  copper  and  are  treated  electrolytically.  The  rich 
matte,  containing  77  to  79  per  cent,  copper,  and  0*37  to  0'41  per 
cent,  of  silver  is  desilverised  by  the  Ziervogel  method,  reduced  and 
refined.  One  ton  of  the  calcined  matte  yields  0387  ton  of  rich  matte, 
and  0*027  ton  of  bottoms. 

At  Oker  the  copper  ores  of  the  Rammelsberg,  near  Goslar,  are 
treated  ;  these  consist  of  a  mixture  of  copper  pyrites,  iron  pyrites, 
zinc  blende,  galena,  barytes  and  other  gangue.  They  are  separated 
into  four  classes,  Nos.  L,  II.,  III.  and  so-called  7nixed  ores,  which 
are  distinguished  by  a  relatively  high  proportion  of  lead  (8  to  9 
per  cent.). 
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The  average  composition  of  the  ores  for  the  year  1893  is  shown 
in  the  following  table  : — 


1 

i             No.  I. 

0-016 

No.  II. 

No.  III. 

Mixed  Ore. 

Ag   .     .     . 

0-008 

0-006 

0016 

Cu    .     .     . 

1719 

9  to  10 

4-49 

4-78 

Pb    .     .     . 

419 

2-36 

1-32 

8-94 

Zn    .     .     . 

11-67 

5-80 

4-28 

21-25 

Fe    .     .     . 

23-39 

32-21 

35-55 

1255 

S      .     .     . 

31-88 

37-86 

39-32 

2411 

Residue 

619 

510 

4-78 

1919 

»> 


it 


>i 


i> 
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The  ores  contain  000005  to  00001  per  cent,  of  gold. 

In  the  year  1899  the  average  composition  of  other  ores  used  in  this 
locality  was : — 

Pyritic  ores     081  to  1*55  per  cent.  Cu  and  697  to  7*45  per  cent.  Pb 
Iron  pyrites.  1       per  cent.  Cu     „   2*66  to  3*44  per  cent.  Pb 

The  gold  content  for  ores  of  Class  I      was  0'000175  per  cent. 

II        „    0000156 
III       „    0000078 
mixed  ores     „    0000294 
„       iron  pyrites  ore     „    0*000070         „ 

The  richer  lump  ores  (No.  I  ores)  are  smelted  raw,  because  they 
decrepitate  in  the  heat  and  cannot  be  calcined  in  shaft  furnaces, 
heaps  or  kilns.  The  other  classes  of  ore  are  calcined  in  shaft  furnaces, 
so  that  the  gases  evolved  may  be  utilised  in  sulphuric  acid  making. 
Ores  Nos.  II  and  III  are  calcined  in  pyrites  burners  and  kilns  down 
to  5  to  8  per  cent,  of  sulphur.  The  mixed  ores  are  calcined  in  kilns 
down  to  10  to  12  per  cent,  of  sulphur  and  then  twice  in  heaps,  till 
the  sulphur  is  brought  down  to  5  to  6  per  cent.  All  the  concentrates 
are  at  present  calcined  in  Hasenclever  muffle  furnaces  down  to  3  to  4 
per  cent  of  sulphur,  the  gases  evolved  being  used  for  the  manufacture 
of  sulphuric  acid. 

With  the  exception  of  the  mixed  ores  which  require  special 
treatment  on  account  of  the  quantity  of  lead  they  contain,  the 
calcined  ores  are  smelted  in  the  five-tuyered  shaft  furnace  describe<l 
on  p.  114,  producing  coarse  metal  with  30  to  40  per  cent,  of  copper, 
and  a  speiss  with  45  per  cent,  of  copper.  This  is  scorified  in  a 
reverberatory  (Spleiss)  furnace,  granulated,  and  extracted  with  weak 
sulphuric  acid,  yielding  thereby  bluestone  and  silver-bearing  residues. 

VOL.  I  P 


210  METALLURGY 

The  coarse  metal  is  calcined  in  kilns  and  smelted  for  rich  matte 
containing  62  to  64  per  cent,  of  copper  and  006  per  cent,  of  silver; 
the  latter  is  calcined  three  times  in  heaps,  and  then  smelted  in 
reverVeratory  furnaces  for  black  copper.  The  latter  is  chiefly  refined 
and  then  electrolysed. 

The  calcined  mixed  ores  are  smelted  in  the  same  kind  of  furnace, 
producing  work-lead,  and  a  coarse  metal  called  Bleistein  ("tead-matte") 
at  Oker,  containing  16  to  25  per  cent,  of  copper,  6  to  7  per  cent  of 
lead,  and  0*02  per  cent,  of  silver.  This  lead-matte  is  calcined  in 
kilns  down  to  7  per  cent,  of  sulphur,  and  is  then  smelted  in  shaft 
furnaces,  producing  a  matte  with  25  to  30  per  cent,  of  copper,  and 
006]  of  silver;  a  leady  speiss  with  40  to  50  per  cent,  of  copper, 
and  0*2  to  0*3  per  cent,  of  silver,  and  a  work-lead  containing  0*16  to 
0*17  per  cent,  of  copper.  This  last  is  liquated,  yielding  thereby  a 
matte  (Schlicker)  containing  32  per  cent,  of  copper.  This  is  smelts 
in  shaft  furnaces  with  pyrites  for  Schlickersiein,  containing  25  per  cent 
of  copper,  speiss  with  22  per  cent.,  and  work-lead.  The  matte 
{Schlickersiein)  is  calcined  in  heaps,  and  then  smelted  in  shafl 
furnaces  with  matte  slags  and  gives  another  matte  with  35  per 
cent,  of  copper,  a  coarse  copper  and  a  work-lead.  The  coarse  copper 
is  scorified  in  a  spleiss  furnace  and  granulated,  then  worked  up  as 
already  described.  The  matte  is  calcined  in  heaps  and  smelted  with 
matte  slags  for  another  matte  containing  45  per  cent,  of  copper,  and 
work  lead.  This  last  matte  is  calcined  four  times  in  heaps  and 
smelted  for  black  copper.  The  speiss  from  these  operations  gives, 
on  smelting  with  pyrites  and  matte  slags,  a  matte  containing 
35  per  cent,  of  copper,  a  speiss  with  30  to  32  per  cent,  of  copper,  and 
a  lead-matte.  The  speiss  is  then  scorified.  The  matte  with 
25  to  30  per  cent,  of  copper  is  treated  in  the  same  way  as  the  matte 
produced  in  smelting  the  other  copper  ores,  being  in  fact  treated 
with  it.  The  speiss  undergoes  scorification  (  VerUasen)  in  a  kind  of 
reverberatory  furnace,  known  as  a  Spleiss  furnace,  yielding  work-lead, 
coarse  copper  with  97  per  cent,  of  copper,  and  scorification  slags. 
The  coarse  copper  is  granulated  and  dissolved  in  dilute  sulphuric 
acid,  producing  blue-stone  and  silver-bearing  residues.  The  scorifica- 
tion slag  is  smelted  in  blast  furnaces  with  raw  copper  ores,  producing 
work  lead,  copper  matte  and  speiss,  the  matte  being  returned  to  the 
copper  works. 

The  pyrites  burners  are  described  on  p.  48,  the  kilns  on  p.  53, 
and  the  Hivsenclever  furnaces  on  p.  107.  A  pyrites  burner  works 
off  10  cwts.  in  24  hours ;  a  kiln,  1  to  2  tons ;  and  a  Hasenclever 
furnace,  4  tons  of  ore  with  a  coal  consumption  of  27  per  cent. 
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The  charge  for  smelting  the  copper  ores  was  in  1899 : — 

3J  tons  calcined  lump  ore. 

1       „    concentrates  from  the  Hasenclever  furnace. 

i     „     raw  copper  ore. 

f     „    Kniest, 

f     „     slags  from  the  second  matte  furnace. 
2^     „     slags  from  the  ore  furnace. 

With  a  blast  pressure  equal  to  1'4  inches  of  mercury,  10  to  11 
tons  of  ore  are  put  through  in  24  hours  with  a  coke  consumption  of 
28  to  30  per  cent,  of  the  weight  of  the  ore. 

A  typical  charge  for  smelting  mixed  ores  is  : — 

3  J  tons  calcined  mixed  ores. 
1    to  IJ     „    concentrates. 

J     „     calcined  pyritic  ores, 
i  to    f     „     Kniest  (clay  slate  containing  chalcopyrite). 
I  to  IJ     „    slag  from  the  second  matte  furnace. 
2f     „    slag  from  the  copper  ore  furnace. 

With  a  blast  pressure  oif  1*4  inches  of  mercury,  20  tons  of  charges, 
equal  to  11 J  tons  of  ore,  are  put  through  in  24  hours,  the  con- 
sumption of  coke  being  33  per  cent,  of  the  weight  of  the  ore,  or  20 
per  cent,  of  that  of  the  charge. 

The  lead-matte  is  calcined  in  the  kilns  described  above,  down 
to  6  to  7  per  cent,  of  sulphur,  and  then  smelted  in  furnaces  of  the 
old  type  with  trapezoidal  cross-section  and  13  feet  high,  with  5  per 
cent  of  Kniest  and  10  per  cent,  of  ore  furnace  slag. 

The  matte  {Bleistein-rohstein)  so  produced  is  calcined  in  the  kilns 
above  mentioned  with  coarse  metal,  and  matte  obtained  from  the 
scorification  slags,  in  the  proportion  of  50  parts  of  the  first,  25  of  the 
second,  and  25  of  the  third ;  for  every  100  parts  of  raw  matte,  20  to 
30  parts  of  calcined  mattes  are  added.  In  12  hours,  3  tons  of  matte, 
raw  and  calcined,  are  calcined  down  to  9  per  cent,  of  sulphur. 
The  calcined  matte  is  smelted  for  concentrated  matte  in  the  rever- 
beratory  furnace  described  on  page  148.  The  charge  consists  of 
2^  tons  calcined  matte,  ^  ton  raw  matte  and  \  ton  Kniest,  and 
is  worked  off  in  8  hours  with  a  consumption  of  55  per  cent,  of  coal. 
The  slag  contains  2  to  3  per  cent,  of  copper,  and  is  added  to  the 
charge  in  the  ore  smelting  furnace.  The  matte  produced  is  calcined 
three  or  four  times  in  heaps  down  to  4  to  5  per  cent,  of  sulphur, 
each  heap  containing  90  to  100  tons  of  matte,  and  requiring  353 
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cubic  feet  of  wood ;  the  first  calcination  lasts  3  weeks,  each  of  the 
others  a  week  to  a  fortnight. 

The  calcined  matte  is  smelted  in  4^  ton  charges  with  the  addition 
of  copper  refinery  slag  up  to  J  ton,  in  a  furnace  like  that  used  in  the 
last  operation,  for  black  copper  (see  p.  148).  The  operation  lasts 
12  hours,  the  consumption  of  coal  being  55  to  57  per  cent. 

The  black  copper  contains  92  to  95  per  cent,  of  copper  and  0185 
per  cent,  of  silver ;  the  slag  from  the  first  skimming  contains  5  to  6 
per  cent,  of  copper,  and  from  the  second  20  to  25  per  cent. ;  these 
are  added  to  the  ore  furnace  charges. 

At  Brixlegg,  fahlores  and  argentiferous  copper  pyrites  are  cal- 
cined in  l^eaps,  and  then  smelted  in  shaft  furnaces  for  coarse  metal ; 
the  latter  is  calcined  in  heaps  and  then  smelted  in  reverberatoiy 
furnaces  for  concentrated  matte,  which  is  crushed,  calcined  in  long- 
bedded  reverberatory  furnaces  and  smelted  in  circular  shafl  furnaces 
for  black  copper. 

At  Bischofshofen,  arsenical  copper  pyrites  free  from  silver,  con- 
taining 12*5  per  cent,  of  copper,  is  smelted  raw  in  circular  shaft 
furnaces  for  coarse  metal  with  21  per  cent,  of  copper.  The  latter  is 
calcined  in  heaps  and  smelted  in  circular  shaft  furnaces  for  concen- 
trated matte  with  53  per  cent,  of  copper.  This  latter  is  calcined 
twice  in  heaps,  and  is  then  smelted  in  reverberatory  furnaces  for 
fine  metal  with  76  to  78  per  cent,  of  copper.  This  is  one  half 
calcined  in  long-bedded  calciners,  and  smelted  with  the  other  half 
raw  in  reverberatory  furnaces  for  coarse  copper.  The  coarse  copper 
is  refined  in  reverberatory  furnaces. 

At  Kedaberg  in  Caucasian  Russia^  (province  Elisabethopol) 
mixed  sulphur  ores  including  copper  and  iron  pyrites,  zinc  blende, 
heavy  spar,  quartz,  covellite  and  pyrrotine,  containing  on  an  average 

7  per  cent,  of  copper  after  calcination,  are  smelted  for  matte  in 
reverberatories.  This  is  roasted  dead,  worked  for  coarse  copper 
in  shaft  furnaces,  and  then  refined.  This  rather  curious  pro- 
cess of  working  is  due  to  the  high  price  of  fuel  in  these  parts. 
The  fuel  used  in  the  reverberatories  is  crude  naphtha,  and  naphtha 
residues  from  Baku ;  in  the  shaft  furnaces  anthracite  from  Donetz  and 
charcoal  prepared  locally  are  employed ;  the  prices  per  pood  (i.e.  y  cwt.) 
being  20  kopecs  for  naphtha,  22  for  charcoal,  35  for  anthracite,  and 

8  for  wood.  Gersterhofers  are  used  in  calcining  the  fines,  kilns 
for  the  lump  ore,  and  long-bedded  reverberatories  with  sloping  bed 
for  the  intermediate  varieties.  The  calcined  ores  contain  from  6  to 
8  per  cent,  of  sulphur. 

1  G.  KoUe,  The  Mineral  liuiustry,  1898,  p.  246. 
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The  Friedrich  Siemens  type  of  long-bedded  reverberator}'  furnace 
is  shown  in  Figs.  161  to  164.  Fig.  161  represents  the  plan  of  both  parts, 
Fig.  162  a  vertical  section  through  the  same,  Fig.  163  the  vertical 
section  through  the  calcining  furnace,  and  Fig.  164  a  general  view  of 
furnace  and  stack.  The  diameter  of  these  furnaces,  of  which  six  are 
in  use  at  the  above  works,  is  from  20  to  22  ft.  The  naphtha  is 
blown  in  a  spray  through  the  two  burners  shown  in  Fig.  161  and 
takes  fire  at  the  mouths  of  these.  The  flame  strikes  the  inner  side 
of  the  furnace,  whence  it  passes  through  the  calcining  furnace  to 
the  stack. 

The  metal  obtained  has  the  following  composition : 

Copper 23  to  30  per  cent. 

Iron 38  to  40 

Zinc 4  to    5 

Sulphur 22 

The  slags  contain : 

Silica 24  to  30  per  cent. 

Ferrous  oxide 48  to  50       „ 

Zinc  oxide 3  „ 

Barium  sulphate      ....      12  to  15        „ 

Copper       0-6  to  0-8 

A  single  furnace  works  off  in  24  hours  1,800  poods  (about  30  tons) 
of  calcined  ore,  with  a  consumption  of  naphtha  of  280  to  300  poods 
(about  5  tons).  The  matte  is  calcined  in  kilns  and  afterwards  in  heaps 
down  to  3  per  cent,  of  sulphur.  It  is  then  smelted  for  coarse  copper 
in  shaft  furnaces,  14  ft.  high,  with  three  tuyeres,  anthracite  and 
charcoal  being  used  for  heating  and  reduction  purposes.  One  part 
of  anthracite  or  two  parts  of  charcoal  are  used  to  five  parts  of  matte. 
The  products  are  black  copper  with  88  to  90  per  cent,  of  copper,  a 
small  quantity  (4  to  5  per  cent.)  of  Dilnnstein  with  50  to  60  per  cent, 
of  copper,  and  slags  with  08  to  0*9  per  cent,  of  copper.  The  black 
copper  is  refined  in  the  reverberatory,  the  DunTistein  is  calcined  and 
added  to  the  smeltin]^  charge,  and  a  part  of  the  slags  is  added  in  the 
ore  and  coarse  copper  sraeltings ;  the  rest  is  thrown  away. 

Copper  Extraction  by  means  of  the  Converter,  or  the 

Copper  Bessemer  Process. 

The  copper  Bessemer  process  is  not  an  independent  process,  but 
has  for  its  object  the  production  of  coarse  copper  from  mattes  which 
have  been  obtained  from  ores  by  the  German,  the  English,  or  the 
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Angio-German  process.  Raw  ores  are  not  suitable  ibr  the  converter 
process,  because,  in  consequence  of  their  high  percentage  of  iron  and 
of  the  admixture  of  earthy  and  siliceous  matter,  they  would  produce 
more  slag  than  could  be  kept  liquid  by  the  heat  developed  by  the 
oxidation  of  the  metallic  sulphides  in  the  converter ;  moreover  they 
would  attack  the  lining  of  the  converter  too  vigorously. 

The  copper  Bessemer,  or  blowing-process,  is,  as  above  noted,  a 
shortened  English  process  for  obtaining  copper  from  matte.  Its 
principle  is  that  a  Mast  of  air  forced  through  molten  matte  will 
convert  the  sulphides  of  iron  and  copper  into  ferrous  and  cuprous 
oxides  with  the  evolution  of  sulphur  dioxide.  The  cuprous  oxide 
decomposes  the  sulphide  of  copper  that  has  not  yet  been  oxidised 
with  the  production  of  copper  and  sulphur  dioxide,  whilst  the  ferrous 
oxide  is  slagged  oflF  by  the  silica  of  the  converter  lining.  The  heat 
developed  by  the  oxidation  of  these  sulphides,  especially  by  the 
formation  of  sulphur  dioxide  and  ferrous  oxide,  suffices  to  keep  the 
mass  fluid  during  the  process.  If  the  blast  is  continued  long  enough 
coarse  copper  and  slag  are  obtained;  if  the  process  is  interrupted 
earlier,  a  matte  rich  in  copper  and  slag  results.  Matte  containing 
but  little  copper  will  not  yield  coarse  copper  direct,  because  too 
great  a  quantity  of  slag  would  form,  which  could  not  be  kept  fluid. 
In  this  case  the  operation  is  stopped  as  soon  as  a  certain  quantity  of  slag 
has  been  formed,  when  a  rich  matte  is  produced  which  can  be  brought 
up  to  coarse  copper  by  means  of  a  second  converter  operation.  As 
the  production  of  matte  rich  in  copper  from  poor  matte  attacks  the 
expensive  quartz  lining  of  the  converter  very  violently,  whilst  a  pro- 
portionately large  quantity  of  copper  goes  into  the  slag,  it  is  in  most 
cases  found  preferable  to  produce  a  matte  with  at  least  25  per  cent, 
of  copper  by  the  German,  English,  or  Anglo-German  process,  and  to 
bring  this  up  to  coarse  copper  at  one  operation  in  the  converter. 
Poor  matte  is  blown  up  to  60  to  70  per  cent.,  when  the  slag  is 
removed,  a  fresh  quantity  of  matte  added  and  coarse  copper  with  99 
per  cent,  of  copper  is  blown.  The  drawbacks  of  the  process  are,  the 
rapid  destruction  of  the  lining  and  the  necessity  of  working  up  the 
rich  slags  which  are  formed. 

The  matte  to  be  bessemerised  is  either  melted  in  cupolas  and 
then  run  into  the  converters  through  gutters  of  iron  lined  with  a 
mixture  of  quartz  and  clay,  or  it  is  tapped  direct  from  the  shaft 
furnaces  in  which  it  is  produced,  as  at  Roros. 

The  apparatus  in  which  the  operation  is  performed  may  be  con- 
structed like  the  Bessemer  converter,  or  may  be  cylinders  capable  of 
revolving,  or  of  a  type  intermediate  between  the  two. 
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Those  of  the  first  type  differ  from  regular  Bessemer  convertcre 
in  their  small  capacity,  holding  from  1  to  3  tons  of  matte  as  against 
10  tons  of  pig  iron  in  the  Bessemer  converter,  and  in  the  position  of 
their  tuyeres.  In  the  ordinary  Bessemer  converter  these  are  situated 
in  the  bottom,  in  the  copper  converter  round  the  sides  at  a  certain 
distance  above  the  hottom.  When  pig  iron  is  converted  into  ingol 
iron,  the  mass  in  the  converter  is  always  homogeneous  and  is 
developing  heat  uniformly  throughout  by  the  oxidation  of  its  silicon, 
carbon  and  iron,  and  in  some  cases  of  phosphorus ;  there  is,  therefore, 
no  danger  of  one  part  of  it  solidifying.  When  matte,  however,  is  blown 
in  the  converter,  the  heat  is  produced  by  the  oxidation  of  the  sul- 
phides, whilst  the  metallic  copper,  produced  as  already  explained, 
collects  on  the  bottom  of  the  converter.     If  the  blast  entered  at  the 


bottom  it  would  therefore  be  necessary  for  it  to  pass  through  the 
fluid  copper  before  it  could  reach  the  fluid  matte,  and  in  doing  so  it 
would  partly  oxidise  the  copper  to  cuprous  oxide.  So  little  heat 
would,  however,  be  thereby  generated,  that  the  copper  would  soon 
chill  and  the  process  come  to  a  standstill.  This  is  the  reason  whv 
the  earlier  attempts  at  blowing  matte  in  the  converter  were  failures 
for  so  long  a  time.  Manhes  was  the  first  to  succeed  in  making  the 
process  applicable  to  matte  by  placing  his  tuyeres  in  the  sides  above 
the  highest  level  that  would  be  reached  by  the  copper  produced. 

The  arrangement  of  the  Manhes  converter  at  Eguilles  near 
Sargues  in  Vaucluse,  is  shown  by  the  subjoined  Figs.  165  and  166- 
The  converter  is  6  feet  6  inches  in  height  and  4  feet  7  inches  in 
diameter  in  the  widest  part  The  tuyeres  rf  are  6  inches  above  the 
bottom  and  are  05  to  0'6  inch   in  diameter,  there  being  at  least  20 
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of  them.  They  are  made  by  piercing  the  lining,  which  consists  of  a 
mixture  of  quartz  with  enough  clay  to  make  it  plastic,  before  it  has 
dried,  with  a  pointed  iron  rod.  All  the  tuyeres  lie  in  one  plane  and 
converge  to  the  centre.  The  lining  /  is  12  inches  thick  on  the 
bottom,  10  inches  in  the  lower  part  of  the  walls  and  only  6  inches  in 
the  upper  part  of  the  converter.  The  blast  pipe  w  is  attached  to 
the  converter  and  revolves  with  it ;  «  is  the  blast  main  surrounding 
the  converter,  from  which  the  blast  escapes  through  the  tuyeres  into 
the  molten  mass  inside  the  converter.  Opposite  each  tuyere  there 
is  an  opening  in  the  blast  main  which  is  kept  closed  by  an  iron  plug ; 
these  can  be  removed  when  the  tuyeres  need  pricking  out.  The 
blast  pressure  in  converters  of  this  class  is  equal  to  12  to  20  inches 
of  mercury. 

In  Amenca  the  size  of  the  converters  and  the  blast  pressure  have 
been  increased.     This  is  shown  in  the  following  table  : — 


Name  of  Works. 


Parrot  Works  at  Butte,  Montana '  . 

Anaconda,  Montana^       

Great  Falls,  Montana  1 

A^ias    Calientes,    Staat    Paclmca, 
Mexico  • 


Height.    Diameter. 
Feet    I     Feet. 


Number  of 
tuyeres. 


8-6 
10 
13 

16 


5 
6 
i 

8 


16 

16 
16 

15 


Blast  pressure  in 
inches  of  mercury. 


22-6 
33 


The  larger  converters  are  used  for  poor  mattes,  the  smaller  ones 
for  richer  mattes. 

The  wrought-iron  converter  at  the  Parrot  Works  ^  is  represented 
in  Fig.  167.  Its  capacity  at  the  beginning  is  22  cwts.  This  rises 
to  a  maximum  of  84  cwts.  after  corrosion  of  the  lining.  The 
Anaconda  converter*  is  represented  in  Figs.  168  to  171.  Figs.  172 
to  175  show  the  arrangement  for  turning  the  converter  by  hydraulic 
power;  Figs.  176  to  179  the  supports  for  the  same.  The  capacity  is 
63  cwts.,  rising  to  a  maximum  of  154  cwts. 

The  Great  Falls  converter  takes  a  charge  of  from  90  to  200  cwts. 
of  matte. 

The  converter  at  Aguas  Calientes  ^  is  shown  in  Figs.  180  and  181. 
The  blow  starts  with  a  charge  of  72  cwts.  of  poor  matte,  which  is 
brought  up  to  18  tons  by  the  addition  of  metal.  All  the  converter 
bodies  just  mentioned  are  made  of  wrought-iron. 

Cylindrical   converters   have  been  constructed   by  Manhes  and 


»  Peters,  p.  529.  «  Hixon,  p.  86. 

^  Hixon,  Noies  on  Lead  and  Copper  Smelting^  1897. 


Peters,  p.  531. 
'^  Hixon,  p.  85. 
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David.     In  these,  mattes  with  a  moderate  proportion  of  copper  (2 
per  cent.)  can  be  blown  direct  to  coarse  copper,  though  of  course  the 
output  is  comparatively  small. 

The   construction   of  such   a   converter  is  shown  in  Figs.  182 
and  183.     The  tuyeres  are  situated  at  one  side  of  the  cylinder ;  the 
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blast  chest  w  can  be  rotated  with  the  cylinder.  By  turning  the 
cylinder  suitably  it  is  possible  to  send  the  blast-  into  the  molten  bath 
in  such  a  way  that  no  portion  of  the  matte  escapes  oxidation.  When 
the  Bessemer  converter  is  used  on  poor  mattes,  a  concentrated  matte 
collects  on  the  converter  bottom,   which   on  account  of  its  small 
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volume  does  not  rise  above  the  level  of  the  tuyeres  and  thus  escapes 
oxidation  ;  in  such  cases  therefore  rich  matte  would  be  produced 
instead  of  coarse  copper.  This  difficulty  is  overcome  by  the  use  of 
the  above-mentioned  cylinders,  as  by  rotating  the  cylinder  the  blast 


Fioa.  IBO  Htid  1) 


can  be  turned  in  any  desired  direction.     The  blast  pressure  in  these 
converters  is  10  to  15  inches  of  mercury. 

Converters  intermediate  between  the  Bessemer  converter  and  the 
cylindrical  pattern,  the  so-called  Stalmann  converter,  were  in  u^' 
till  quite  recently  at  the  Anaconda  works  in  Montana  and  nt 
the  Nicholson  chemical  works  at  Brooklyn.  Fig.  184  shows  the 
external  appearance  of  this  form  of  converter ;  it  has  three  flat  sides 


an  arched  side  and  a  concave  bottom.  The  blaat  chest  surrounds  the 
flat  front  and  the  two  flat  sides ;  by  this  arrangement  the  blast  may 
be  injected  into  any  part  of  the  converter,  whilst  by  suitably  turning 
the  latter,  the  depth  of  the  layer  of  molten  material  over  the  tuyeres 
can  be  increased  or  diminished.  Only  the  tuyeres  in  the  front  are 
used  in  regular  work ;  those  at  the  sides  are  used  when  the  lining  of 
the  converter  has  been  eaten  away  by  the  boiling  up  of  the  molten 
mass.  When  this  happens,  the  contents  are  not  run  out  as  would  have 
to  be  done  with  other  forms  of  converter,  but  the  blast  is  cut  off  from 
the  side  opposite  to  the  corroded  portion.   This  stops  the  ebullition  at 


that  point  and  the  operation  can  be  continued  till  the  blow  is  finished 
and  then  the  defective  spot  can  be  repaired.  When  the  blast  is 
stopped  at  one  side,  the  tuyeres  on  the  other  sides  must  supply  the 
air  required.  The  back  side  of  the  converter  is  so  bent  as  to  corre- 
spond to  the  curve  of  ebullition,  whereby  the  injury  to  the  lining  of 
that  side  by  the  boiling  up  of  the  molten  mass  is  reduced  to  a 
minimum. 

The  projection  of  molten  mattes  from  the  throat  of  the  converter 
is  largely  prevented  by  its  shape,  as  anything  spurting  up  must  strike 
against  the  upper  wall  of  the  converter  and  for  the  most  part  drop 
back  again  into  it, 

A  cylindrical  converter   in   nse  at  the  Copper  Queen  Mine  in 
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Arizona  is  shown  in  Figs.  185  and  186.'  The  charge  varies  from 
36  to  90  cwts.  of  matte  with  51  per  cent,  of  copper,  according  to  the 
amount  of  corrosion  of  the  lining.  The  tuyeres  are  11  in  number, 
and  the  average  blast  pressure  is  11  inches  of  mercury. 

The  S^lecteur  is  a  spherical  converter,  erected  by  M.  Paul  David, 
and  used  at  Eguilles  in  France.  It  is  said  to  produce  simultaneously 
bottoms  and  pure  copper  from  matte.      The  construction   of  this 


converter  is  shown  in  Figs,  187,  188,  189.  It  is  spherical  in  form 
with  a  side-pocket  arrangement ;  it  turns  on  an  inclined  axis,  and 
the  blast,  instead  of  being  delivered  from  the  sides,  comes  through 
tuj'ercs  in  the  bottom  at  an  angle  to  the  vertical.  A  represents  the 
sheet-iron  converter  with  its  acid  lining,  the  capacity  being  30  cwts. 
To  the  bottom  is  fixed  the  blast  chest,  also  of  sheet-iron,  into  which 
the  blast  passes  through  the  hollow  axle  d,  and  the  pipe  c  (Fig.  189). 
At  the  bottom  of  the  wind-box  are  openings  (w)  so  arranged  that  iron 
'  Peters,  op.  cil.  pp.  533,  u34. 
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barscan  bethruatthrough  them  into  the  lining  of  the  converter,  thereby 
forming  the  tuyeres  c ;  i  is  the  side-pocket  bolted  on  to  the  converter  for 
the  reception  of  bottoms.  This  pocket  is  connected  to  the  converter  by 
the  channel  /,  and  possesses  two  openings  g  and  A  (Fig.  188)  which 
can  be  closed  or  opened  by  the  lever  r  (Figs.  187  and  188).  The 
upper  opening  j,  serves  to  clean  or  to  open  or  shut  the  channel  /, 
the  lower  one  h  to  pour  the  metal  collected  in  the  pocket. 

The  size  of  the  pocket  depends  on  the  quantity  of  bottoms 
formed,  and  it  is  so  placed  that  metal  cannot  flow  back  to  the  COD- 
verter,  no  matter  in  what  position  this  be  rotated.  Round  the 
apparatus  is  the  track  /,  resting  on  two  rollers  m.     The  rollers  and 


the  trunnion  d  (Fig.  189)  are  supported  on  the  movable  frame  «'. 
By  means  of  the  worm  o,  and  the  worm-wheel  n  attached  to  the 
trunnion,  the  converter  can  be  turned  around  the  inclined  axis  dx. 

The  blast  has  to  pass  through  the  whole  charge  owing  to  the 
position  of  the  tuyeres.  This  produces  an  eddying  motion  in  the 
whole  mass,  which  is  said  to  hinder  the  formation  of  deposits,  and 
consequent  blocking  of  the  tuyeres.  ^ 

It  is  impossible  at  present  to  judge  as  to  the  merits  of  this  new 
converter.     The  cost  of  working  is  given  later  on. 

All  these  converters  are  fitted  in  practice  with  hoods  and  dust 
chambers,  to  catch  the  metallic  particles  blown  off  in  working. 

Converters  of  the  Bessemer  type  are  made  in  three  parts.   The 
"  .■(Hfl<i/w  dM  J/iii*-.,  1898,  tome,  XIII.  p.  621. 
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lowest  is  fitfied  with  the  cast-iron  ring  which  forms  the  air  chest. 
The  separate  parts  are  bolted  together,  with  asbestos  packing 
between  the  flanges. 

The  thickness  of  the  shell  depends  on  the  size  of  the  converter. 
For  those  of  medium  size  (as  at  Butte,  Anaconda),  it  is  yV  inch  for 
the  bottom  and  centre,  and  J  inch  for  the  top  or  helmet. 

The  lining  of  converters  is  made  of  quartz,  as  pure  as  obtainable, 
which  is  broken  into  pieces  the  size  of  a  bean,  and  mixed  with  enough 
clay  to  give  consistency.  All  attempts  to  prepare  other  linings  have 
failed,  since  no  other  substance  possesses,  like  quartz,  the  power  of 
slagging  off  iron.  At  the  Parrot  Works,  the  lining  contains  83 
measures  of  quartz  to  17  of  clay.  In  Anaconda,  the  clay  has  the 
following  composition : — 

SiOj    =  660  per  cent. 
AI2O3  =  18-5 
Fe        =    31 
CaO     =     2-9 
H,0     =    8-4 

The  lining  is  first  tamped  into  the  two  lower  sections,  and  dried 
slowly  by  a  coal  or  wood  fire.  The  tub  is  then  hoisted  out  and  the 
helmet  put  on.  A  single  converter  lasts  out  9  charges  on  the  average, 
or  at  most  12.  It  is  turned  by  a  hydraulic  ram  to  which  a  rack  is 
bolted ;  the  pressure  is  produced  by  a  plunger  pump.  At  the  Parrot 
Works  this  pressure  amounts  to  180  pounds  on  the  square  inch.  The 
blast  pressure  varies,  according  to  the  nature  of  the  matte  and  the 
size  of  the  charge,  from  22  to  36  inches  of  mercury. 

The  converters  are  arranged  in  set.s  of  three  for  continuous 
working;  two  being  in  use,  while  the  third  is  being  lined  afresh. 
The  power  needed  for  such  a  set  at  the  Parrot  Works,  for  an  output 
of  29  J  tons  of  coarse  copper  in  24  hours  from  a  matte  containing 
55  per  cent,  of  copper,  is  given  by  Peters  ^  as  follows : — 

For  air  compressor 100  h.p. 

For  blower  (remelting  cupola,  etc.).     15    „ 
Chili  mill,  crane  and  hydraulic  .     .     10    „ 
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The  cost  of  such  a  three-converter  plant  at  Montana,  is  given 
by  the  same  author  as  28,475  dollars. 

The   blast  at  these  works  is  furnished  by  a  horizontal  compound 

*  Peters,  op.  ck,  p.  548. 
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Corliss  engine,  with  steam  cylinders  18  and  32  inches  in  diameter, 
and  a  42  inch  stroke.     The  air  cylinders  are  42  by  42  inches. 

For  an  average  pressure  of  11  lbs.  per  square  inch,  100  horse-power 
is  needed. 

The  cheapest  way  of  charging  a  converter  is  to  run  the  liquid 
matte  direct  from  the  furnace  in  which  it  has  been  generated 
When  this  is  not  possible,  the  matte  is  remelted  in  cylindrical  water- 
jacketed  cupolas,  about  3  feet  in  diameter.  The  consumption  of 
coke  is  7*5  to  10  per  cent,  of  the  matte,  and  one  such  furnace,  putting 
through  60  tons  of  matte  in  24  hours,  requires  three  workmen  in 
a  12  hour  shift.  The  matte  is  enriched  on  remelting,  chiefly  owing 
to  loss  of  mechanically  enclosed  slag.  The  molten  matte  is  run  through 
an  iron  gutter  lined  with  the  mixture  of  quartz  and  clay,  into  the 
converter,  which  is  turned  into  a  horizontal  position  to  receive  it. 

The  size  of  the  charge  varies,  according  to  the  matte  and  the 
dimensions  of  the  converter,  from  1  to  4  tons.  Rich  mattes  are 
best  blown  in  small  converters,  poor  mattes  in  large  ones.  In 
working  rich  mattes  in  large  converters,  lumpy  slags  are  formed 
which  cannot  be  poured. 

Owing  to  the  iron  eating  away  the  acid  lining,  the  charge  in- 
creases. For  a  matte  with  50  to  55  per  cent,  of  copper,  initial 
charges  of  1  ton,  3  tons  and  4|  tons  become  respectively  4  tons, 
71  tons  and  10  tons. 

As  a  rule  matte  and  copper  are  produced  in  the  same  converter. 
Matte  of  50  to  55  per  cent,  and  more  is  blown  direct  for  coarse  copper. 
Such  rich  mattes  are  common  in  American  works,  Aguas  Calientes 
being  an  exception.  Poor  mattes,  like  those  in  Aguas  Calientes, 
Roros,  Italy  and  France,  with  15  to  35  per  cent,  of  copper,  are  first 
enriched,  by  blowing,  up  to  70  per  cent.,  several  charges  being  added 
in  succession.  The  whole  is  then  blown  for  coarse  copper  in  the 
same  converter. 

Two  stages  may  be  distinguished  in  blowing  rich  matte  (45  per 
cent.)  for  copper.  The  first  ends  with  the  removal  of  the  iron,  the 
second  with  the  formation  of  coarse  copper.  These  take  30  minutes 
each  to  run  their  course  when  the  lining  is  fresh  ;  50  minutes  when 
the  capacity  of  the  converter  is  increased  by  corrosion  of  the  lining. 

As  soon  as  the  blast  is  turned  on,  there  appears  a  yellow  flame 
and  white  fumes  of  sulphur  dioxide  and  trioxide.  The  iron  is 
oxidised  and  slagged  off  as  soon  as  the  green  mantle  of  the  flame 
passes  into  a  light  blue.^  The  converter  is  now  turned  down  and  the 
slag  run  off.     Should  the  charge  have  become  cold,  then  a  little  poor 

*  Peters,  op.  cU.  p.  556. 


COPPER  229 

matte  is  added,  which,  by  the  oxidation  of  its  iron  and  sulphur, 
brings  up  the  temperature  to  the  point  needed.  The  converter  is 
turned  upright  again  and  the  blow  continued  until  the  coarse  copper 
is  produced.  The  flame  in  the  second  stage  is  bluish-white.  The 
end  of  the  operation  is  recognised  by  the  projection  of  little  copper 
pellets  which  appear  in  the  flame.  The  converter  is  now  tipped  and 
the  copper  run  into  cast-iron  or  copper  moulds  with  plate  iron  bottoms. 
In  Anaconda  the  metal  is  run  into  pots  and  carried  whilst  still  liquid 
to  the  tipping  refining  furnaces.  If  the  charge  be  overblown,  oxida- 
tion to  cuprous  oxide  takes  place ;  and  this,  acting  on  undecomposed 
sulphide  causes  a  great  deal  of  frothing.  This  can  be  corrected  by 
the  addition  of  matte.  The  whole  process  lasts  from  60  to  100 
minutes,  according  to  the  capacity  of  the  converter.  A  set  of  three 
works  oflF  daily  about  32  charges,  producing  about  32  or  33  tons  of 
coarse  copper  from  matte  with  50  to  55  per  cent,  of  copper.  The 
lining  is  renewed  on  an  average  after  nine  charges. 

The  copper  is  comparatively  pure,  and  is  cast  in  many  works  in 
the  form  of  anodes,  when  it  contains  a  workable  amount  of  gold  and 
silver.  At  the  Anaconda  works,  where  the  coarse  copper  is  refined 
or  parted  electrolytically,  the  composition  of  matte  and  copper  is 
as  follows  ^ : — 

Matte 


.  Copper. 
Per  cent. 

55     59 

Silver. 
Ounces  per  ton. 

51     59 
Blister  Cropper 

Gold. 
Ounces  per  ton.'^ 

0-30     0-50 

Copper. 
Per  cent. 

99-05     9918 

Silver. 
Ounces  per  ton. 

79-40— 90-30 

Gold. 
Ounces  per  ton, 

0-42    0-77 

The  impurities  in  the  copper  are  chiefly  iron  and  sulphur. 
Ar:5enic  and  antimony  are  volatilised  during  the  process ;  zinc  and 
bismuth  are  partly  volatilised,  and  partly  pass  into  the  slag ;  lead, 
tin  and  cobalt  are  left  in  the  slag.  Nickel  remains  with  the  copper, 
and  may  be  removed  together  with  some  of  the  latter  by  overblow- 
ing the  charge.  The  order  of  the  removal  of  these  impurities  is  as 
follows*:— Bi,  Pb,  As,  Sb,  Se,  Fe.  Bismuth  thus  appears  as  the  most 
volatile  constituent,  very  little  of  this  metal  passing  into  the  copper 

*  Peters,  op.  cU.  p.  566. 

'  In  America  the  short  ton  of  2,000  lbs.  is  used  for  most  of  the  materials  and 
products  of  copper  works.  It  is  equal  to  0'9072  of  the  metric  ton,  and  0*8929  of 
the  English  statute  ton. 

*  KeUer,  Tran%,  Atner.  Inst,  of  Min.  £ng.  Feb.  1898. 
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and  slags.  According  to  Peters,  the  loss  of  silver  is  greater  than  by 
the  use  of  reverberatories,  and  is  increased  by  the  presence  of  volatile 
metals,  and  further,  at  high  blast  pressures  and  with  rapid  oxidation. 
The  slags  contain  from  1  to  2  to  2  J  per  cent,  of  copper,  and  are 
added  to  the  ore-smelting  charge.  An  analysis  of  slag  at  the  Panot 
Works  from  a  56  per  cent,  matte  is  given  by  Peters  : — 


SiO, 

= 

36-80 

FeO 

^ 

50-40 

AlA 

= 

6-60 

CaO 

= 

a  trace 

ZuO 

= 

4-43 

S 

== 

1 

Ar 

ss 

0002 

On  a  years  average  these  slags  contain  116  per  cent,  of  copper 
and  0002  per  cent,  of  silver  (i.e.  0*6  ounces  per  ton). 

Peters  gives  the  cost  per  ton  of  55  per  cent,  matte  at  Butt€, 
Montana,  as  follows  : — 

Labour 2*75  dollars 

Power 1-50 

Fuel  (remelting  cupola) .     .1*40 

Supplies 1*10 

Repairs,  etc 1*25 


f> 


j> 


if 


Total     .  800  dollars. 

The  cost  may  be  reduced  to  6  dollars  a  ton  where  water-power 
is  used,  and  where  the  matte  can  be  run  directly  from  the  furnaces 
into  the  converter. 

At  the  Parrot  Works  the  converter-gang  needed  for  a  set  of  three 
converters,  with  an  output  of  38  tons  in  24  hours,  is  as  follows^:— 


2  foremen  at  $5 

.  $10-00 

2  skimmers  at  $3*75 .     .     .     . 

7-50 

2  liners  at  $3*50 

700 

2  cranemen  at  $350      .     .     . 

7-00 

10  labourers  at  $300  .     .     .     . 

.     3000 

2  cupola  feeders  at  $3*75    . 

.     .       7-50 

2  cupola  tappers  at  ^8*75   .     . 

7-50 

2  cupola  helpers  at  $3*50  . 

.     .       700 

Total     . 

.     .  $83-50 

^  Peters,  op.  cit.  p.  564 
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As  pointed  out  above,  poor  mattes  are  first  enriched  in  the  con- 
verter. Thus  at  Aguas  Calientes,  a  charge  of  3628  tons  of  33  per 
cent  matte  is  first  blown  for  white  metal,  with  70  per  cent,  of  copper. 
The  slag  is  poured  off  and  another  charge  of  4  J  tons  added,  the  whole 
being  again  blown  for  white  metal.  This  is  repeated  a  third  and  even 
a  fourth  time,  and  then  the  whole  charge  (oftentimes  18  tons)  is  blown 
for  coarse  copper. 

The  working  up  of  mattes  enriched  by  blowing  in  separate  con- 
verters is  seldom  carried  out,  and  is  considerably  more  expensive- 
At  Eguilles  (Vaucluse),  matte  with  30  per  cent,  of  copper  is  con- 
verted in  30  minutes  to  matte  containing  over  70  per  cent.  This  is 
cast  in  moulds,  remelted  and  then  blown  for  coarse  copper. 

In  many  cases  it  is  more  profitable  to  carry  out  the  concentration 
in  shaft  or  reverberatory  furnaces,  and  then  to  blow  the  rich  matte 
up  to  coarse  copper  in  the  converter. 

The  converter  at  the  Copper  Queen  Mine  at  Bisbee,  described 
above,  is  able,  according  to  Douglas,  to  turn  out  40,000  pounds  of 
98'5  per  cent,  blister  copper  in  24  hours,  fi'om  a  matte  averaging 
51  per  cent,  of  copper.  The  average  blast  pressure  is  5|  pounds  per 
square  inch,  and  the  average  charge  of  7,000  pounds  is  blown  to 
blister  copper  in  90  minutes.^ 

At  the  works  of  Jeres  Lanteira,  Province  of  Qranada,  Spain, 
cylindrical  shaped  converters  are  being  used.^  Their  diameter  is 
21 J  inches;  they  are  made  of  plate  iron  and  lined  with  a  mixture  of 
75  per  cent,  of  quartz  and  25  per  cent,  of  clay,  which  does  not  last 
above  24  hours.  For  continuous  working  3  converters  are  required. 
The  charge  is  20  to  24cwts.  of  matte  with  only  26  per  cent,  of  copper. 
The  blow  lasts  40  minutes,  and  with  the  three  converters  5  to  6  tons 
of  matte  are  treated  in  24  hours.  The  blast  pressure  at  the  com- 
mencement of  the  blow  is  equal  to  10  inches  of  mercury,  but  rises  at 
the  end  to  12  inches.  Part  of  the  slag  has  to  be  nm  off  during  the 
operation.  With  the  comparatively  low  amount  of  copper  and  high 
amount  of  iron  in  the  matte,  a  great  deal  of  slag  rich  in  copper  is 
produced,  so  that  the  direct  production  of  copper  is  relatively  low, 
being  only  60  per  cent.  The  resulting  copper  is  said  to  contain  only 
O'o  per  cent,  of  impurity. 

At  Roros  in  Norway,  the  same  form  of  converter  is  used.  The 
ores  containing  5  per  cent,  of  copper  and  35  per  cent,  of  sulphur  are 
calcined  in  heaps  down  to  3'5  per  cent,  of  sulphur,  and  are  smelted 

^  Peters,  op,  cit.  p.  5.33. 

'  Temillon,  Bulletin  de  la  Society  de  Vlndtutlrie  miWro/e,  St,  Etienne,  tome  v. 
1891,  p.  910, 
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in  water-jackets  producing  a  matte  with  30  per  cent,  of  copper.  This 
is  tapped  direct  into  the  converters,  which  hold  from  16  cwts.  to  1  ton 
of  matte.  The  latter  is  blown  with  a  blast  pressure  of  ^  atmosphere 
(7J  lbs.  on  the  square  inch)  in  one  hour  up  to  coarse  copper  with 
99*20  per  cent,  of  copper,  slag  being  run  oflF  two  or  three  times  during 


Kio.  liK). 


Fig.  191. 


the  operation.  The  coarse  copper  is  refined  in  English  reverberator} 
furnaces.  The  converter  lining,  made  of  a  mixture  of  sand  and  clay, 
stands  for  8  charges.     Water  supplies  the  motive  power  required. 

Besides  the  above  named  places,  the  converter  process  is  also  used 
at  Vivian's  Works  in  Swansea,  at  the  works  of  the  firm  of  Cousino  at 
Lota  (Chili),  at  those  of  the  Soci^te  Metallurgique  Italienne  at 
Leghorn,  at  Bratsberg  in  Norway,  at  the  Maitenes  Works,  the  Volcan 
Works,  the  works  of  Enrique  Couch  in   Chili;  at   Mount  Lyell  in 


Via.  li>2. 


Pio.  198. 


Tasmania,  and  at  the  Nicholson  Chemical  works  in  Brooklyn. 
Plants  are  in  process  of  construction  at  a  great  many  other 
works. 

The  spherical  converter  of  David,  mentioned  above  (Figs.  187, 188, 
189),  is  used  for  the  preparation  of  pure  copper  and  bottoms  as 
follows  : — The  converter  is  tilted  into  the  position  shown  in  Fig.  190 
to  receive  the  molten  matte.     It  is  then  brought  under  the  stack  and 
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placed  upright  (Fig.  191),  the  blast  being  started  at  the  same  time. 
When  the  iron  is  slagged  off,  it  is  brought  into  the  position  shown  in 
Fig.  192  and  the  slag  poured.  It  is  again  turned  upright  (Fig.  19S) 
and  the  mass  blown  for  bottoms.  The  channel,  which  has  been 
closed  up  to  this,  is  now  opened  by  a  bar  thrust  through  g.    As  soon 


as  the  formation  of  bottoms  is  ended,  g  and  A  are  closed,  the  blast  is 
reduced,  and  the  converter  brought  into  position  Fig.  194.  The 
bottoms  collect  in  the  pocket,  the  matte  floating  on  top.  The  con- 
verter is  then  turned  into  the  position  shown  in  Fig.  195,  and  the 


nuitte  blown  for  blister  copper.  Meanwhile  h  is  opened  and  the 
bottoms  poured,  /  being  closed  as  soon  as  the  pouring  is  finished. 
Finally,  the  converter  is  turned,  as  in  Fig.  19(i,  as  soon  as  the  blow  is 
riiady,  and  the  copper  is  poured. 

When  mattes  of  variable  composition  are  used,  a  slightly  different 
apparatus  (Fig.  197),  also  dde  to  David,  is  used.  The  channel  in 
Fig.  188  is  left  out,  so  that  the  pocket  b  is  only  a  bulge  on  the  side 
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of  the  converter.  The  opening  g  (Fig.  188)  has  become  unnecessary, 
so  that  only  the  tap-hole  h  is  left.  When  the  formation  of  bottoms 
is  complete,  the  converter  is  tilted  (Fig.  197)  and  the  bottoms  tapped 
at  h.  When  matte  appears,  h  is  stopped,  the  converter  brought 
upright,  and  the  blow  continued  until  the  matte  is  quite  desulphurised. 
The  process  lasts  from  60  to  80  minutes  for  a  charge  of  30  cwts.  of 
30  to  50  per  cent,  matte.  In  24  hours,  10  to  12  charges  (i.e.  15  to 
20  tons  of  matte)  can  be  worked  off. 

It  is  impossible  to  estimate  the  value  of  this  process  at  present 
as  results  of  long  working  are  not  yet  forthcoming. 


THE    EXTRACTION   OF   COPPER   FROM   OXIDES  AND  SALTS   OF  COPPER, 
AND    FROM   ORES  THAT   CONTAIN   NATIVE   COPPER 

Oxidised  and  acid  copper  ores,  poor  in  copper,  are  either  added  to  the 
furnace  charge  in  smelting  sulphuretted  ores  or  mattes,  or  else,  when 
they  occur  in  considerable  quantity,  are  treated  by  wet  methods. 
Richer  ores  may  be  smelted  with  sulphuretted  ores  or  mattes  in  the 
English  process,  or  may  be  smelted  alone  with  the  addition  of  slags 
and  other  suitable  fluxes  for  coarse  copper.  In  the  latter  case,  shaft 
furnaces  are  used ;  if  reverberatory  furnaces  be  used,  carbon  must  be 
mixed  with  the  ores  for  a  reducing  agent. 

Ores  that  contain  native  copper  only  require  their  earthy  gangue 
to  be  slagged  off;  this  is  best  performed  in  reverberatory  furnaces, 
and  should  be  immediately  followed  by  refining.  The  slags  rich  in 
copper  thus  produced  are  smelted  in  shaft  furnaces  for  coarse  copper. 

The  smelting  of  oxidised  and  acid  copper  ores  was  formerly 
carried  on  at  Chessy  near  Lyons,  and  is  now  carried  on,  on  a  large 
scale,  in  the  Urals  and  in  Arizona  and  New  Mexico. 

At  Chessy,  in  the  years  1828  and  1829,  carbonates  and  oxides  of 
copper  in  a  gangue  of  quartz  and  clay,  containing  27  per  cent,  of 
copper,  were  smelted  in  shaft  furnaces  6  feet  high,  with  20  per  cent. 
of  lime,  5  to  6  per  cent,  refinery  slags  and  60  per  cent,  of  slags  bom 
the  same  operation.  In  24  hours  2  J  tons  of  ore  were  treated  with  a 
consumption  of  77  per  cent,  of  coke.  In  the  most  favourable  cases 
the  slag  still  contained  ^  per  cent,  of  copper.^ 

At  Perm  in  the  Western  Ural,  sandstones  containing  3  per  cent. 
of  copper  as  malachite,  azurite,  silicate,  chalcocite  and  native  copper, 
are  smelted  with  the  addition  of  dolomite  and  of  slags  from  the  same 
operation  in  shaft  furnaces  about  20  feet  in  height  with  fixed  fore- 
hearths,  elliptical  in  cross  section,  charcoal  being  used  as  fuel ;  the 

1  Knab,  Mitallurgie,  Paris,  1891,  p.  122. 
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pnxlucts  are   coarse  matte,  coarse  copper  and  cupriferous  pig-iron. 
The  composition  of  these  two  latter  products  is  as  follows  : — 

Coarae  Copper.  Pig-Iroii. 

Copper 90-5 12  6 

Iron 61 75-9 

Vanadium 1*2 20 

Silicon 2-5 

The  cupriferous  pig-iron  is  scorified  with  the  addition  of  sand  on 
a  hearth  with  a  highly  inclined  tuyere,  with  charcoal  as  fuel ;  the 
iron  is  thus  oxidised  and  slagged  off,  whilst  the  copper  is  obtained  as 
coarse  copper. 

In  the  States  of  Arizona  and  New  Mexico,  carbonates  and  oxides 
of   copper    are   smelted   in   the   previously  described   water-jacket 
furnace.^     This  method  is  now  of  limited  application  {e,g,  the  Globe 
District  in  Arizona),  owing  to  the  higher   cost   of  these  ores;  the 
details  here  given  may  however  l)e  of  some  value  yet.     The  various 
classes  of  ore  contain  so  much  silica,  oxide  of  iron,  and  lime,  that  they 
need  only  be  mixed  in  proper  proportions  to  produce  fusible  slags, 
the  addition  of  fluxes  being  rarely  necessary.     The  carbonates  of 
Arizona  contain  sufficient  sulphur  to  prevent  the  copper  from  being 
slagged  off,  and  to  produce  matte  with  60  to  65  per  cent,  of  copper. 
The  furnace  is  of  the  crucible  type,  the  bottom  of  the  crucible  being 
from  1  foot  4  inches  to  2  feet  below  the  tuyere  level ;  if  made  deeper 
than  this,  there  is  danger  of  the  copper  chilling.      The  height  of  the 
furnace  above  the  tuyeres  does  not  exceed  7  feet.      The  furnaces  are 
circular  or  rectangular  in  horizontal  section.     Circular  furnaces  are 
either  cylindrical  or  else   taper  from   the   throat   to   the   tuyeres. 
Rectangular  furnaces  are  built  like  the  already  described  Henrich 
furnace  with  boshes ;  the  effect  of  these  is  said  to  be  to  increase  the 
reducing  action  of  the  furnace  gases  and  to  yield  cleaner  slags. 

The  fuel  used  is  coke  with  11-6  to  14*6  per  cent,  of  ash.  The 
blast  is  produced  by  Baker  blowers  and  has  a  pressure  of  10  to  12 
ozs.  on  the  square  inch.  The  diameter  of  the  tuyeres  is  usually 
3  inches,  exceptionally,  as  at  the  Copper  Queen,  5  inches.  The  slag 
notches,  which  are  often  cooled  by  water,  are  10  inches  below  the 
tuyeres  and  are  continued  as  cast-iron  gutters.  The  taphole  for  the 
copper  is  in  the  lower  part  of  the  crucible.  The  slags  are  not 
allowed  to  run  continuously,  but  are  tapped  off  every  6  minutes  into 
slag  pots  set  in  front  of  the  furnace.  The  coarse  copper  is  tapped 
periodically  and  run  into  moulds  arranged  on  a  carriage. 

^  Peters,  op.  ciL 
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Each  furnace  will  put  through  70  tons  in  24  hours.  The  coaive 
copper  produced  contains  97  to  98  per  cent,  of  copper,  the  slag 
contains  on  the  average  1'75  per  cent. 

The  Copper  Queen  furnace  is  circular,  3  feet  in  diameter,  has 
six  tuyeres  5  inches  in  diameter,  and  smelts  daily  40  to  50  tons  of 
ore  without  fluxes;  the  similar  furnace  at  the  Old  Globe  Mine 
(Arizona)  puts  through  55  tons  in  the  same  time. 

The  table  below  from  Peters'  already  quoted  work  shows  the 
working  conditions  that  obtain  in  the  more  important  works  of 
Arizona  that  are  treating  oxidised  ores : — 


Name  of  the  works. 


Area  of 

furnace 

at  the 

tuyeres. 


Number 
of      I 
tuyeres. 


Total 

area  of 

tuyere 

openings. 


I 


Copper  Queen 

Detroit  Copper  Co. ,  large  furnace 

„  ,,       „     small 

Arizona  Copper  Co. ,  large 

,,  ,,      ..      small 

United  Verde 


)f 


8q.  ft. 

-  7 
11-8 
7 
12-5 

7 

7 


6 
14 
6 
6 
6 
6 


8q.  in. 
75 
83 
58 
64 
58 
58 


Blast 

Parts  by 

pres- 

weight uf 

sure 

ore  to 

per 

1  part 

sq.  in. 

coke. 

Oz. 

10 

5-90 

12 

6 '55 

10 

5-55 

10 

10 

10 

— 

Ope 

smelted 

in  24 

Loan. 


47 

7915 

45 


52 


The  composition  of  the  slags  from  the  Copper  Queen,  Arizona, 
is  as  follows : — 

Silica.     . .  26-64 

Ferrous  oxide 4260 

Manganous  oxide 0*30 

Zinc  oxide 050 

Lime 9'51 

Magnesia 0*20 

Alumina 1540 

Alkalies,  loss,  etc 4*85 

The  copper  contents  average  1*75  per  cent. 

The  slag  produced  in  a  Henrich  furnace  at  Clifton,  Arizona,  has 
the  following  composition  according  to  S.  James,  junr. : — 

Silica 34-34 

Ferrous  oxide 3227 

Manganous  oxide 6*24 

Lime 1013 

Magnesia 230 

Alumina 11-80 

Alkalies,  loss,  &c 3*64 
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The  smelting  of  ores  containing  native  copper  is  carried  on  at 
Lake  Superior,  in  Detroit  and  in  Pittsburg.  It  is  performed  in  re- 
verberatory  refining  furnaces  and  consists  in  simple  fusion  of  the 
ores ;  the  slag  is  then  removed  and  the  copper  refined.  The  slags 
are  smelted  with  refinery  dross  in  shaft  furnaces  for  coarse  copper. 
This  process  is  detailed  under  the  head  of  refining. 

2.    PURIFICATION  OF  COARSE   COPPER  (iN   THE   DRY   WAY) 

Coarse  copper  obtained  in  the  dry  way  still  contains  a  number  of 
foreign  bodies  that  render  it  unfit  for  use  in  the  arts,  and  which  have 
accordingly  to  be  removed  from  it.  These  are  principally :  iron, 
lead,  zinc,  cobalt,  nickel,  bismuth,  arsenic,  antimony,  sulphur,  selenium 
and  tellurium.  The  separation  of  these  elements  from  copper  can  either 
be  brought  about  by  the  oxidising  fusion  of  the  coarse  copper,  or  else 
by  means  of  the  electric  current,  copper  purified  to  a  certain  degree 
in  the  dry  way  forming  the  anode. 

By  the  oxidising  fusion  of  coarse  copper,  its  foreign  constituents 
(with  the  exception  of  the  precious  metals)  can  be  oxidised  (because 
their  affinity  for  oxygen  is  greater  than  that  of  copper),  and  either 
volatilised  or  slagged  off;  volatile  substances  can  be  volatilised 
direct. 

If  the  coarse  copper  be  used  as  the  anode  of  an  electric  current, 
a  solution  of  sulphate  of  copper  acidulated  with  sulphuric  acid 
being  used  as  the  electrolyte,  copper  in  a  pure  state  can  be  electro- 
lytically  transferred  to  a  cathode  consisting  of  sheet  copper,  whilst 
the  various  impurities  either  pass  into  solution,  remain  at  the  anode, 
or  are  precipitated.  This  method  is,  however,  only  practised  when 
the  copper  is  to  be  separated  from  gold,  silver  or  nickel,  because  it 
would  be  too  costly  as  a  simple  process  of  purification,  unless  the 
precious  metals  or  an  alloy  with  nickel  were  obtained  simultaneously. 
Further  details  will  be  found  under  the  head  of  the  Electrolytic 
extraction  of  copper.  Complete  removal  of  all  impurities  cannot  be 
attained  by  any  process  ;  removal,  however,  to  a  point  where  they  cease 
to  affect  the  good  qualities  of  copper,  is  possible. 

The  principal  method  used  for  purifying  copper,  that  contains  no 
precious  metals,  is  by  an  oxidising  fusion. 

By  this  operation  a  portion  of  the  copper  is  always  converted  into 
cuprous  oxide,  which  pos3esses  the  property  of  melting  with  copper 
t'l  a  homogeneous  mass.  A  considerable  proportion  of  cuprous  oxide, 
however,  diminishes  the  softness  and  tenacity  of  copper,  as  already 
stated.    After  the  oxidising  operation   is   finished,  it   is    therefore 
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necessary  to  reconvert  the  cuprous  oxide  into  metal  by  a  process  of 
reduction. 

Coarse  copper  is  accordingly  purified  either  by  producing  in  one 
furnace  copper  containing  cuprous  oxide,  which  La  then  freed  from 
cuprous  oxide  in  a  second  furnace,  or  else  the  oxidation  of  the  foreign 
elements  and  the  reduction  of  the  cuprous  oxide  produced  are  per- 
formed directly  afterwards  in  one  and  the  same  furnace. 

The  production  of  copper  containing  cuprous  oxide  in  a  spacial 
furnace  is  known  as  Gaarmachen  (necarly  equivalent  to  "  refining  "  in 
the  English  method),  and  the  copper  is  called  Gaar  Kupfer  (nearly 
equivalent  to  "  dj-y  "  copper).  The  conversion  of  Gaar  Kupfer  into 
copper  free  from  oxide  in  a  special  furnace  is  called  HamvurgoAr- 
machen  (which  may  be  rendered  "  toughening ")  and  the  copper  is 
called  Hammergaares  Kupfer  ("  toiigh  pitch  copper  "  or  "  tough  cake "). 
The  conversion  of  coarse  copper  into  tough  pitch  copper  in  one  and 
the  same  furnace,  without  any  interruption,  is  called  combined  Gaar- 
machen and  Hammergaarmachen  when  the  operation  is  performed 
upon  a  hearth,  and  the  copper  is  called  Hammergaares  Kupfer ;  when 
the  operation  is  conducted  in  a  reverberatory  furnace  it  is  called 
"  refining''  (this  is  the  proper  signification  of  the  word  in  the  English 
process),  and  the  product  is  refined  copper  or  Bafjinad. 

We  may  therefore  distinguish  : — 

(1)  The  purification  of  copper  by  refining  and   toughening  as 

separate  processes. 

(2)  The  purification  of  copper  by  combined  refining  and  toughen- 

ing in  the  hearth. 

(3)  Refining  of  copper   in   the   reverberatory   furnace   (English 

method). 

The  two  first  methods,  which  were  formerly  extensively  used  in 
Germany,  Sweden,  Norway  and  Russia,  are  now  only  employed 
exceptionally,  as  they  can  only  be  conducted  upon  small  quantities 
of  metal,  and  necessitate  a  large  expenditure  on  fuel  and  wages. 
The  third  method  of  purification,  which  originated  in  England,  is 
now  universally  employed,  and  should  always  be  preferred  as  by 
far  the  most  advantageous. 

Some  account  of  the  first  two  methods  is  desirable,  owing  to  the 
great  part  they  have  played  in  the  metallurgy  of  copper. 

1.  Pitrijicaiion  of  co'pper  hy  separate  refining  and  toughening 

This  method  embraces  the  two  processes  of  producing  the  dry 
copper  {Gaar  Kupfer)  and  the  toughening  of  the  latter. 


COPPER  239 

(a)  The  production  of  Guar  Kujifer  \s  carried  out  either  in  hearths 
or  in  reverberatory  furnaces.  Hearths  are  used  when  small  quanti- 
ties of  the  purer  kinds  of  coarse  copper  are  to  be  treated,  whilst 
reverberatory  furnaces  must  be  employed  on  account  of  the  stronger 
degree  of  oxidation  needed,  when  larger  quantities  of  impure  coarse 
copper  have  to  be  dealt  with.  The  hearth  used  is  the  so-called  small 
refining  hearth  (Gaarheerd  or  KupfergaaThetrd).  The  reverberatory 
fumitces  are  generally  worked  with  a  bloat,  so-called  Sphm  furnaces, 
or  more  rarely  by  draught. 

Refining  in  the  small  refining  hearth  is  a  process  requiring  much 
fuel  and  admitting  of  only  a  small  output,  and  hence  is  only  excep- 
tionalty  used  in  civilised  countries  (where,  in   consequence   of  old 
practice,  pure  dry  copper  is  in  demand 
for  brass- making). 

The  refining  hearth  (Fig.  198)  is  an 
3ppro](imabely  hemispherical  cavity,  cut 
out  in  a  mixture  composed  of  one  part 
by  Tolume  of  charcoal  duat  and  seven 
to  eight  parte  of  clay,  or  a  mixture  of 
this  with  sand,  or  again,  simply  in  clay ; 
above  it  a  hood  for  taking  off  the  fumes 
is  suspended.  According  to  its  size,  a 
hearth  will  take  from  3  cwts.  to  30  cwts. 
of  coarse  copper ;  a  medium-sized  hearth 
is  2  feet   in  diameter  and  1  foot  deep.  i',o.  i^g. 

In  the  backwall  w  there  is  a  tuyere  n, 

which  projects  IJ  *«  IJ  inches  over  the  edge  of  the  hearth,  and 
is  inclined  at  a  steep  angle,  as  much  at  times  as  45  degrees,  so 
that  the  blast  may  strike  upon  the  fluid  copper  in  the  hearth.  At 
the  front  side  of  the  hearth  there  is  a  cast-iron  working  plate. 
In  rare  cases  there  is  in  front  of  the  hearth  a  well,  the  so-called 
Twduerd,  cut  in  a  block  of  wood  independent  of  the  hearth,, 
into  which  the  refined  copper  is  ladled,  to  be  taken  off  from  it 
in  discs. 

The  coarse  copper  is  either  melted  in  small  shaft  furnaces,  or  else 
in  the  hearth  itself  upon  a  layer  of  fuel  (charcoal  or  coke).  In  the 
latter  case  it  is  charged  a  little  at  a  time  into  the  hearth,  and  is  so 
disposed  that  only  the  edges  and  not  the  sur&ces  of  the  discs  of  coarse 
Copper  are  turned  towards  the  blast.  The  molten  copper  is  kept 
coveted  with  charcoal  or  light  coke  ;  as  soon  as  a  certain  quantity  of 
slag  has  accumulated,  the  fuel  is  cleared  away  and  the  slag  skimmed 
off.    The  fuel  is  then  replaced  and  removed  before  the   next   slag 
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skimming,  and  the  operation  is  thus  continued  until  the  copper  is 
refined  (gaar). 

The  action  of  the  blast  upon  the  melting  coarse  copper  and  upon 
the  liquid  bath  of  metal  oxidises  the  foreign  elements  present  and  a 
portion  of  the  copper  itself.  The  cuprous  oxide  thus  produced  has 
also  an  oxidising  action  upon  the  foreign  substances,  in  that  it  melts 
with  the  metallic  copper  and  is  diffused  through  the  molten  copper, 
where  it  parts  with  its  oxygen  to  the  foreign  elements,  and  is 
thereby  reduced  to  metallic  copper  again. 

As  the  metallic  bath  is  kept  covered  with  carbonaceous  fuel,  it  is 
inevitable  that  the  latter  should  to  some  extent  exert  a  reducing 
action  on  the  oxides  formed,  and  thereby  prolong  the  operation.  On 
account  of  the  high  temperature  of  the  bath  of  metal,  a  part  of  the 
readily  volatile  metals  present  is  volatilised  without  previous 
oxidation. 

Of  the  various  foreign  elements,  antimony,  arsenic,  zinc  and  lead 
are  in  part  volatilised  and  in  part  oxidised,  the  non- volatile  oxides 
passing  into  the  slag.  Sulphur  is  volatilised  as  sulphur  dioxide, 
being  for  the  most  part  oxidised » by  the  cuprous  oxide.  The  non- 
volatile oxides,  and  especially  ferrous  oxide,  form  slag  with  the 
siliceous  matter  of  the  hearth.  This  slag  is  limpid  when  large 
quantities  of  oxide  of  lead  are  present,  but  pasty  in  the  presence  of 
large  quantities  of  iron  and  nickel.  At  the  commencement  of  the 
operation  the  colour  of  the  slag  is  brownish -black,  on  account  of  the 
predominance  of  iron  in  it ;  later  on,  as  the  proportion  of  cuprous 
oxide  increases,  it  changes  to  red.  Iron,  zinc  and  lead  are  easily 
removed  from  coarse  copper,  but  nickel,  cobalt,  bismuth,  arsenic, 
antimony  and  the  last  portions  of  sulphur  only  with  much  greater 
difficulty. 

Nickel  passes  in  part  into  the  slag,  and  in  part  remains  with  the 
copper,  and  is  concentrated  in  the  upper  discs  of  the  refined  copper. 
If  antimony  is  present  as  well  as  nickel,  a  peculiar  substance  forms 
in  small  glistening  golden  scales  intermixed  with  the  copper, 
known  as  "  copper  mica " ;  its  composition  according  to  Hampe  is 
6Cu20Sb205+  SNiOSbgOa. 

Arsenic  and  antimony  possess  the  property  of  delaying  the 
oxidation  of  foreign  bodies  by  rising  up  from  the  bath  in  the  form  of 
thick  fumes,  and  thus  impairing  the  efficiency  of  the  blast. 

In  this  operation  there  is  always  more  cuprous  oxide  formed  than 
is  needed  for  the  oxidation  of  the  foreign  elements.  Under  normal 
circumstances  the  copper  produced  will  contain  6  to  8  per  cent,  of 
cuprous  oxide.    If,  however,  the  coarse  copper  contained  considerable 
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quantities  of  arsenic,  antimony  and  nickel,  the  length  of  time  required 
in  order  to  remove  these  bodies  causes  the  formation  of  much  greater 
quantities  of  cuprous  oxide,  up  to  50  per  cent.  Copper  with  more 
than  8  per  cent,  of  cuprous  oxide  is  called  iibergaar — ('*  over  refined  " 
or  too  dry).  This  copper  is  brought  back  to  its  normal  state  by  adding 
a  small  amount  of  lead  or  of  coarse  copper  to  the  bath  of  metal,  or 
by  inserting  into  it  poles  of  green  wood ;  the  gases  evolved  from  the 
latter  reduce  the  cuprous  oxide  to  metal.  Lead  likewise  has  a 
reducing  action  on  cuprous  oxide,  oxide  of  lead  being  formed ;  it  is 
also  capable  of  dissolving  the  above  mentioned  copper  mica,  and,  in 
the  form  of  oxide,  it  has  an  oxidising  influence  on  other  impurities 
such  as  nickel,  arsenic  and  antimony. 

Shortly  before  the  completion  of  the  refining,  the  so-called 
Sfpriilun  ("  copper  rain  "  )  takes  place  ;  this  consists  in  the  projection 
of  a  shower  of  little  globules  of  copper  from  the  molten  bath.  This 
phenomenon  is  due  to  the  evolution  of  large  quantities  of  sulphur 
dioxide  from  the  bath  of  metal,  in  consequence  of  the  reaction  of 
cuprous  oxide  on  sulphide  of  copper  when  the  bath  has  cooled  down 
to  a  certain  point. 

The  approaching  completion  of  the  operation  is  indicated  by  the 
red  colour  of  the  slag,  the  sea-green  colour  of  the  molten  metal,  the 
cessation  of  the  evolution  of  the  fumes,  and  the  boiling  up  of  the 
bath.  The  best  indication  is  the  character  of  a  small  sample,  called 
the  Gaarspahfiy  taken  from  the  bath.  It  is  taken  by  dipping  an  iron 
rod  with  a  conical  point  into  the  bath  through  the  tuyere,  and  at 
once  withdrawing  it,  the  film  of  copper  adhering  to  the  rod  forming 
the  sample  in  question.  If  the  refining  is  complete,  this  sample 
forms  a  thin  net-like  coating  on  the  iron,  wrinkled  and  crystalline  on 
the  outer  surface  ;  it  is  easily  loosened  by  dipping  the  rod  into  water, 
is  pliable,  its  inner  surface  shows  a  copper  red  colour  and  metallic 
lustre,  and  its  fracture  is  close  and  of  a  cherry  red  colour.  If  the 
copper  is  not  yet  refined,  in  which  state  the  Germans  speak  of  it  as 
too  young,  the  sample  is  difficultly  detachable,  thick,  outwardly 
smooth,  inwardly  of  a  yellow  colour  and  very  brittle.  If  it  is  over 
refined,  the  sample  is  thick,  very  brittle,  and  shows  a  dull  reddish- 
brown  colour  on  its  exterior  surface. 

After  the  refining  is  finished,  the  blast  is  stopped,  the  copper 
allowed  to  cool  under  a  layer  of  coal  dust  and  ladled  into  moulds  or 
taken  off  in  discs.  In  many  cases  the  copper  is  ladled  into  a  sepanite 
basin  or  hearth  before  it  is  made  into  discs  (the  so  called  "  rosette  '* 
copper).  This  "  roselting "  or  disc-making,  requires  a  definite,  not 
too  high,  temperature ;  when  this  has  been  attained,  water  is  sprinkled 
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on  the  surface  of  the  copper,  whereby  a  disc,  detached  from  *he  sides 
of  the  hearth,  and  convex  upwards,  is  formed.  This  disc  jifted  off 
with  a  fork  and  thrown  into  water,  when  a  second  disc  is  at  once 
made  in  the  same  wa,y  and  lifted  off,  and  so  on. 

According  to  the  size  of  the  hearth,  from  80  to  100  discs  or 
rosettes  can  usually  be  taken  off ;  the  first  few  are  generally  impure 
and  over-refined,  and  are  therefore  added  to  the  next  change  to  be 
refined. 

The  nickel,  with  the  exception  of  what  has  passed  into  the 
refinery  dross,  usually  accumulates  in  the  topmost  disc,  in  which, 
when  antimony  is  present  as  well,  the  copper  mica  is  also  found  to 
collect. 

The  time  of  the  operation  depends  on  the  size  of  the  hearth  and 
of  the  charge,  and  varies  between  1^  and  4^  hours.  At  Mansfeld  6 
to  7  cwts.  of  black  copper  are  refined  in  2^  hours.  At  Atvidaberg 
charges  of  from  19  cwts.  to  24J  cwts.  were  refined  in  4  to  41  hours 
with  a  blast  pressure  equal  to  2J  to  2J  inches  of  mercury.  The 
fuel  consumption  averages,  with  charcoal,  50  per  cent,  of  the  weight 
of  the  refined  copper. 

Refining  in  reverberatory  furnaces.  This  form  of  refining  is  em- 
ployed for  larger  outputs  and  more  impure  coarse  copper ;  it  has  the 
advantage  of  requiring  less  time,  because  the  copper  does  not  come 
into  contact  with  the  fuel ;  a  larger  proportion  of  copper  is,  however, 
slagged  off,  as  the  oxide  is  not  again  reduced,  as  in  the  small  hearth. 

The  reverberatory  furnace  with  blast,  the  so-called  Spleiss-fumace, 
is  built  like  the  German  cupellation  furnace.  The  bed  consists  of 
loam,  quartz,  or  a  brasque  of  charcoal  dust,  According  to  whether 
the  refined  copper  is  to  be  granulated  or  taken  off  in  discs,  a  granu- 
lator  or  a  number  of  resetting  wells  or  hearths  are  arranged  in  front 
of  the  furnace. 

The  construction  of  the  Spleiss-fiimace  used  in  the  ELarz  is  shown 
in  Figs.  199  and  200.  The  foundation  of  the  furnace  is  at  /;  i  are 
flues,  about  12  inches  square,  for  carrying  off  moisture  ;  r  is  the  grate 
(2  feet  6  inches  wide  by  5  feet  2  inches  long),  s  is  the  fire  door,  v  the 
firebridge  (15 J  inches  wide  and  5  feet  2  inches  long),  z  the  fire 
space  over  the  bridge,  t  an  opening  in  the  roof  for  admitting  cold  air, 
the  highest  point  of  the  arch  being  6  feet  above  the  top  line  of  the 
hearth  mm.  At  a:  there  is  a  layer  of  slag,  10  inches  deep,  on  which 
rests  a  bed  of  bricks  y,  6  inches  deep,  upon  which  lies  the  bed  proper 
vj,  made  of  a  mixture  of  charcoal  dust  and  marl,  8  feet  9  inches  in 
diameter.  The  retaining  wall  of  the  furnace  is  shown  at  t,  ^  is  the 
taphole  and  u  the  working  door  15 ^  inches  wide  and  28  inches  high; 
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m  m  are  the  tuyeres.  Id  order  to  granulate  the  copper,  aa  is  ueceasary 
for  the  extractioD  of  its  silver  in  the  wet  way,  it  is  run  through  an 
iron  gutter  lined  with  a  brasque  of  charcoal  breeze,  into  the  granu- 
lator  p  where  it  meets  a  stream  of  cold  water  that  enters  through  the 
gutter  q. 

The  Hungarian  furnace,  as  used  at  Schmollnitz,  is  shown  in  Figs. 
■201  to  203.     It  has  a  step  grate  c  arranged  for  burning  wood,  which 


is  supplied  with  air  both  above  and  below  the  grale  through  the 
system  of  pipes  d.  The  bed  a,  having  an  area  of  about  54  square 
feet,  18  prepared  from  a  mixture  of  50  parts  of  quartzose  clay  slate, 
33  parts  of  talcose  slate  and  17  parts  ground  brick,  which  is  stamped 
down  upon  a  bed  of  charcoal  breeze  b.  The  working  door  is  at/, 
g  g  are  the  tuyeres,  one  of  which  lies  5  inches  and  the  other  6  inches 
above  the  bed,  and  both  of  which  are  inclined  at  an  angle  of  1°; 
the  flues  i  i  lead  the  products  of  combustion  into  the  flue  Ic  and 
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thence  into  the  dust  chamber  I;  out  of  this  they  escape  by  the 
flue  m  to  the  stack.  At  o  o  are  rosetting  basins  into  which  the 
refined  copper  is  run  over  the  slope  p  through  the  taphole  n  in  order 
to  be  rosetted. 

The  charge  for  this  furnace  may  vary  up  to  3J  tons  of  coarse 
copper ;  it  is  charged  through  the  working  door  in  such  a  way  that 


the  flame  can  circulate  freely  between  the  pieces.  Pure  coaree 
copper  melts  more  rapidly  than  when  it  contains  arsenic,  antimony 
or  sulphur.  The  blast  is  usually  not  turned  on  until  the  chai^  is 
melted,  and  is  gradually  increased  as  the  temperature  risea  The 
slag  that  forms  is  skimmed  off  from  time  to  time.  When  the  copper 
is  found  to  be  refined,  it  is  either  tapped  into  the  small  basins  o «, 
and  rosetted,  or  else  is  run  into  a  granulator ;  in  the  latter  case  the 
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copppr  must  run  in  as  thin  a  stream  as  possible  and  be  brought  into 
cuntact  with  a  strong  current  of  cold  water  to  prevent  explosions. 

The  chemical  reactions  are  the  same  as  in  the  small  heaiih. 
When  veiy  impure  copper  is  treated  the  operation  is  prolonged,  and 
a  proportionately  lai^e  amount  of  cuprous  oxide  is  produced;  this  is 
reduced  to  the  requisite  extent  by  covering  the  metallic  bath  with 
charcoal,  by  poling,  or  by  the  addition  of  lead  to  the  copper.  In 
Hungary  the  excessive  oxidation  of  the  copper  is  prevented  by 
stopping  the  blast  as  soon  as  fumes  cease  to  be  evolved  from  the  bath 
of  metal  and  only  small  quantities  of  red  slag  form,  and  completing 
the  oxidation  by  means  of  the  air  entering  from  the  grate.  As  in 
the  small  hearth,  copper  mica  is  dissolved  by  the  addition  of  lead. 


In  Hungary,  when  the  coarse  copper  contains  much  antimony 
and  arsenic,  reduction  by  charcoal  and  oxidation  by  the  blast  were 
alternately  applied,  until  the  above  substances  were  almost  entirely 
got  rid  o£ 

The  time  occupied  depends  on  the  size  of  the  charge  and  the 
amount  of  arsenic  and  antimony  present  in  the  coarse  copper ;  with 
•'(-ton  charges  it  averages  10  to  15  hours.  The  consumption  of  fuel 
also  depends  on  the  above  considerations  and  on  the  nature  of  the 
fuel  used ;  with  coal  it  averages  30  to  40  per  cent,  of  the  weight  of 
the  coarse  copper. 

At  Altenau  in  the  Upper  Harz,  the  bed  consists  of  a  mixture  of 
i  charcoal  powder  and  J  ground  clay  slate  with  some  marl,  and  will 
stand    3    or   4  charges,  the  first  of  3^  tons,  the  second  of  3  tons, 
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the  third  of  2|  tons,  and  the  last,  if  the  bed  still  admits  of  it,  of 
2  tons.  The  first  charge  is  worked  oflF  in  18  to  20  hours,  including 
making  the  hearth,  and  the  subsequent  charges  in  12  to  15  hours. 
After  the  third  or  fourth  charge  a  new  bed  is  put  in.  In  the  course 
of  a  year  340  tons  of  coarse  copper  were  treated,  producing  201  tons 
of  granulated  copper,  104  tons  of  ordinary  refinery  slag,  and  33  tons 
of  nickeliferous  slag.  The  consumption  of  fuel  was  84  tons  of  coal 
and  1475  billets  of  small  wood.  The  hearth  required  111  cubic  feet 
of  clay  and  7  cubic  feet  of  marl.  At  Oker,  where  granulated  refined 
copper  was  made  from  black  copper,  the  coal  consumption  was  55  per 
cent,  of  the  weight  of  the  latter. 

At  the  Stefanshlitte  in  Hungary,  33  J  to  56  cwts.  of  black  copper 
formed  the  charge ;  the  furnace  was  warmed  up  for  48  hours ;  it  was 
then  fired  for  12  hours  till  the  copper  was  red  hot,  then  for  another 
8  hours  till  it  was  melted  down ;  the  formation  of  slag  went  on  for 
another  8  to  10  hours  with  repeated  lowering  of  the  temperature,  and 
finally  the  over-refined  copper  was  brought  back  to  its  proper 
condition  by  poling. 

Refining  in  reverberatory  furnaces  with  natural  draught,  as 
carried  on,  for  instance,  at  Oker  in  the  Lower  Harz,  is  performed  in 
furnaces  of  the  English  type,  and  is  identical  with  the  first  period  of 
refining  it  by  the  English  method  to  be  subsequently  described. 

The  products  of  this  method  of  refining  {Gaarmachen)  are 
refined  copper,  and  slag  known  as  Gaarh^dtzey  "  refinery  dross,"  "  re- 
finery slag  "  or  "  rosette  slag." 

The  refined  copper  contains,  besides  larger  or  smaller  amounts  of 
cuprous  oxide,  small  quantities  of  foreign  elements  and  metallic 
compounds.  The  composition  of  several  varieties  is  shown  by  the 
following  analyses: — 

Lend  (Salzburg). 
Mansfeld.  Atvidaberg.      (with  1  per  ceou 

copper  mica.) 

Cu       98-40  99-46  9700 

Fe       007  001  — 

Pb       0-57  trace  0*70 

Sb  and  As    ...  —  —  I'lO 

Ni        0-45  Oil  0-46 

Ag 002  006  — 

Au —  0001  - 

S          001  002  — 

Other  constituents  not  determined. 
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The    impurities    of   various    kinds    of    refined   copper    are   as 
follows: — 

Stefanahiitce.  Agordo.  Klausen. 

As  013  0-64  0059 

Sb  008  004  0057 

Pb  trace  020  0390 

Fe  trace  —                   — 

Ni  .....  0-29  —                   — 

Ag  0011  010  0077 

Au  trace  —  — 

S  —  004                   — 

This  refined   copper    is    either   used   for    brass-making    or    is 
toughened  to  tough-pitch. 

Refinery  slags  are  mixtures  of  silicates  of  copper  and  iron  with 
oxides  of  the  various  metals  that  had  existed  in  the  coarse  copper, 
together  with  antimoniates,  arseniates  and  sulphates  mostly  of  lead. 
They  consist  partly  of  molten  slags,  partly  of  agglomerated  masses. 
When  they  contain  nickel  and  cobalt  in  workable  quantities  they  are 
treated  separately  ;  otherwise  they  are  added  to  the  ore  or  the 
matte-furnace  charges  for  the  recovery  of  the  copper  they  contain. 
Xickeliferous  dross  is  smelted  in  shaft  furnaces  for  coarse  copper  or, 
when  it  contains  much  arsenic  and  antimony,  for  Speiss.  The  copper 
obtained  from  this  dross,  known  as  Kratzc-Kupfer  ("  dross  copper  "), 
when  scorified  or  refined,  again  produces  dross  in  which  the  nickel  and 
cobalt  are  concentrated.  When  this  dross  is  smelted,  a  copper  still 
richer  in  nickel  is  obtained,  and  by  the  repetition  of  these  alternate 
smelting  and  scorification  processes,  copper  rich  in  nickel,  which  is 
sold  to  nickel- works,  is  ultimately  produced.  Refinery  dross  may 
also  be  smelted  with  the  addition  of  pyrites  for  a  nickeliferous  matte. 
Many  works  sell  their  nickeliferous  dross  direct  to  nickel  smelters. 

(ft)  The  Production  of  Taugh-pitch  Copper, — The  toughening  of 
refined  copper  consists  in  a  reducing  fusion  or,  if  it  is  still  contam- 
inated with  foreign  elements,  especially  arsenic  and  antimony,  in 
an  oxidising  fusion  immediately  following  the  reducing  fusion,  and 
itself  followed  by  another  reducing  fusion.  The  toughening  furnace 
is  similar  to  that  used  for  refining  coarse  copper,  except  that  the 
tuyere  lies  at  a  flatter  angle  of  inclination  (6°  to  10°),  and  projects 
further  over  the  edge  of  the  hearth.  Charcoal  is  the  fuel  used, 
the  charge  being  8  to  12  cwts.  of  refined  copper.  The  fusion  in 
the  small  hearth  is  rendered  a  reducing  one  by  directing  the 
blast  not  on  to  the  bath  of  metal,  but,  by  means  of  the  low  inclination 
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of  the  tuyere,  upon  the  charcoal ;  the  latter  is  piled  against  the 
tuyere,  whilst  the  pieces  of  copper  are  so  placed  as  not  to  be  caught 
by  the  blast.  They  accordingly  melt  in  an  atmosphere  chiefly  of 
carbon  monoxide,  in  which  the  cuprous  oxide  is  reduced  by  that  ga^ 
and  by  contact  with  the  glowing  charcoal.  After  the  copper  has 
been  melted  down,  the  slag  is  skimmed  off  and  a  sample  taken,  either 
by  means  of  the  iron  rod  or  as  a  dip-sample.  If  this  shows  the 
salmon-pink  colour,  satin  lustre,  and  fibrous  structure  of  tough-pitch 
copper,  and  the  requisite  softness  and  toughness  when  hammered  out 
and  when  broken  in  the  vice,  it  is  ladled  out.  If,  however,  it  still 
contains  cuprous  oxide  .(is  still  dry),  which  is  shown  by  the  ease 
with  which  the  sample  may  be  broken,  and  by  the  cubical  or 
columnar  structure  and  dark  red  colour  of  the  fractured  surface,  the 
bath  of  metal  is  again  covered  with  charcoal  and  the  reducing  fusion 
continued.  If  the  copper  still  contains  impurities,  an  oxidising  fusion 
must  be  maintained  until  these  are  removed  and  the  cuprous  oxide 
be  afterwards  reduced  by  a  reducing  fusion.  In  case  of  need, 
alternate  oxidations  and  reductions  are  repeated  until  the  copper  is 
at  tough-pitch.  The  tough-pitch  copper  is  cast  into  moulds.  As  soon 
as  they  have  set,  the  red-hot  ingots  {Hartstiicke)  are  hammered  so  as 
to  remove  the  brittle  crust  of  oxide  of  copper  (coppei*  scale)  that 
will  have  formed  upon  them ;  this  operation  is  known  as  Abpochen 
("pounding  off"). 

At  Schmollnitz,  about  8  cwts,  of  refined  copper  were  toughened  in 
about  3  hours  with  a  loss  of  1*28  per  cent,  and  a  charcoal  consump- 
tion of  59'34  per  cent. 

In  the  Lower  Harz,  5  cwts.  used  formerly  to  be  toughened  in  2\ 
to  3  hours  with  a  loss  of  weight  of  2  to  3  per  cent,  and  a  charcoal 
consumption  of  60  per  cent. 

2.     The  Purification  of  Copper  hy  comhined  refinir^  and  toughening  in 

the  Refining  Hearth 

This  operation  is  performed  in  the  small  hearth,  the  first  portion 
being  identical  with  that  already  described  for  refining  coarse  copper ; 
when  this  stage  has  been  reached  oxidation  is  allowed  to  continue  till 
the  copper  is  over-refined,  its  condition  being  determined  by  a  dip- 
sample.  Over-refined  copper  shows  cubical  or  columnar  structure  and 
a  dark  red  colour  approaching  to  violet  on  the  fractured  surface. 
The  oxidation,  when  carried  to  this  point,  removes  the  foreign  con- 
stituents. The  copper  containing  cuprous  oxide  is  now  covered  with 
charcoal  and  poled,  whereby  this  cuprous  oxide  is  reduced  to  metal. 
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Ir.i  dip-sample  new  shows  the  characteristic  signs  of  tough  pitch, 
the  metal  is  ladled  into  moulds.  If  not,  the  blast  is  again  turned  on 
and  oxidation  continues  till  the  copper  is  over-refined,  when  it  is 
again  poled  under  a  layer  of  charcoal,  and  these  operations  are  re- 
peated alternately  till  the  copper  is  at  tough  pitch. 

The  products  of  this  process,  which  is  no  longer  in  use  to-day,  are 
besides  tough  copper,  refinery  slag  and  copper  scale,  which  are  added 
in  ore,  matte  or  coarse  copper  smelting. 

3.     Befining  of  Copper  {English  process) 

Refining  of  coarse  copper,  in  the  English  sense  of  the  word,  which 
includes  toughening,  consists  of  an  oxidising  fusion  of  coarse  copper, 
immediately  followed  by  reduction  of  the  cuprous  oxide  formed. 
Both  operations  are  repeated  until  copper  of  the  desired  softness, 
toughness,  and  density  are  obtained. 

The  furnaces  used  for  this  operation  are  English  reverberatory 
furnaces  with  a  bed  of  quartz  or  sand,  as  in  Wallaroo,  of  hollowed 
out  sandstone,  capable  of  holding  from  1  to  15  tons  of  copper.  Quite 
recently,  furnaces  capable  of  holding  68  tons  have  been  started  in 
America,  and  others  to  hold  120  tons  are  to  be  built.^  The  air 
needed  for  oxidation  enters  by  the  working  doors  as  also  through 
special  openings  at  either  side  of  the  firebridge,  the  draught  being 
produced  by  a  stack  at  le^st  65  feet  high.  In  many  Russian  works 
a  blast  is  used,  especially  in  cases  where  very  impure  coarse  copper 
has  to  be  dealt  with.  The  copper  is  charged  from  the  floor  level  of 
the  works  and  generally  through  a  special  working  door  in  the  side 
of  the  furnace.  Exceptionally  big  lumps  of  native  copper  are  at  Lake 
Superior  charged  through  the  roof,  which  is  then  made  removable  in 
part.  Where  the  copper  is  not  charged  in  pieces,  but  in  the  form  of 
powder  as,  for  instance,  the  residues  from  the  Ziervogel  process  at  the 
Uottesbelohnungshtitte  at  Mansfeld,  which  consist  of  cupric  oxide, 
this  is  also  dropped  in  through  apertures  in  the  roof.  Coarse  copper 
produced  by  the  Converter  Process  is  brought  into  the  furnace  in 
liquid  form. 

Of  late,  methods  have  been  invented  for  tapping  the  copper, 
and  are  used  at  some  works  in  the  United  States ;  but  in  general 
the  refined  copper  cannot  be  tapped  out,  because  it  would  partially 
set  in  the  taphole,  and,  in  case  of  obstructions  in  the  latter,  could  only 
be  removed  with  diflBculty,  whilst  the  stream  would  be  so  irregular 
that  it  could  not  be  run  into  moulds  of  definite  size.     It  has  there- 

*  Tke  Mineral  Industry,  1899,  p.  251. 
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fore  to  be  ladled  out  and  cast  into  moulds.  The  bed  slopes  from  all 
sides  towards  the  ladling  door ;  the  latter,  which  may  also  be  used  as 
the  working  door,  is  situated  near  the  fluebridge  end,  so  that  cold  air 
entering  through  it  may  pass  straight  into  the  stack  and  neither  cool 
nor  oxidise  the  molten  metal.  At  Anaconda,  ladling  has  been  ren- 
dered unnecessary  by  the  construction  of  tipping  fumacea  When 
these  are  brought  to  the  right  angle,  the  copper  flows  off.  A  saving 
of  half  the  labour  needed  for  ladling  is  effected  by  these  tapping  and 
tipping  arrangements.  The  furnaces  may  be  fired  by  means  of  an 
ordinary  grate  or  by  gas  (producer  gas) ;  the  latter  may  be  advan- 
tageously employed  when  the  fuel  {e,g,  chips  of  wood  in  Sweden)  is  not 
suitable  for  burning  on  a  grate.  The  best  fuel  is  wood,  as  it  evolves 
no  gases  containing  sulphur  which  would  affect  the  metal  injuriously; 
where  it  is  not  to  be  obtained  in  suflScienb  quantity,  coal  burning  with 
a  smokeless  flame  is  employed.  In  rare  cases  naphtha  or  naphtha 
residues  are  used  as  fuel. 

The  bed  of  small  furnaces. is  fired  in  one  layer,  in  other  cases  in 
several,  generally  two.  Usually  a  certain  amount  (about  \)  of  fire- 
clay, or  some  slag  is  added  to  the  quartz  for  making  the  bed  ;  as  ihe 
latter  absorbs  considerable  quantities  of  copper,  it  is  often  saturated 
as  far  as  possible  with  that  metal  before  the  furnace  is  actually  put 
into  operation. 

Beds  made  of  basic  material  present  no  special  advantages  in  this 
process,  because  the  copper  to  be  refined  is  already  tolerably  pure, 
and  antimony  and  arsenic  are  not  removed  from  it  more  i-apidly  on  a 
basic  than  on  an  acid  lined  bed. 

The  size  of  the  furnaces  must  not  exceed  certain  dimen- 
sions, because  it  is  difficult  to  keep  large  quantities  of  copper 
at  the  proper  pitch  during  the  long  period  occupied  by  the  ladling. 

The  smallest  charges  are  those  worked  in  the  Siberian  refinery 
furnaces  using  blast,  namely  1  to  2  tons.  Medium  sized  furnaces 
take  3  to  7  tons,  large  ones  8  to  10,  and  the  largest  20  to  70  tons.  At 
Wallaroo  10  ton  furnaces,  and  at  the  Orford  Works  15  ton  furnaces 
are  in  operation.  Furnaces  with  36  and  68  tons  capacity  are  in  use 
at  the  works  of  the  Baltimore  Smelting  and  Rolling  Company  in 
Baltimore. 

The  construction  of  refinery  furnaces  is  shown  by  three  examples 
taken  respectively  from  Mansfeld,  Lake  Superior,  and  Pittsburg. 

The  Mansfeld  furnace  is  shown  in  Figs.  204  and  205.  The  charge 
here  does  not  consist  of  coarse  copper,  but  of  the  pulverulent  residues 
from  the  Ziervogel  process  of  silver  extraction,  consisting  of  cupric 
oxide  with  some  oxide  of  iron,  which  is  charged  mixed  with  a  suflS- 


cient  proportion  of  charcoal  for  its  reduction,  the  charge  being  5  to 
7i  tons.  This  is  reduced  in  the  first  part  of  the  process  and  thon 
immediately  refined. 

In  the  figures,  v  is  the  furnace  body,  a  the  aperture  for  charging, 
/the  bed  made  of  quartz  to  which  a  little  slag  has  been  added,  r  the 
grate  worked  with  a  clinker  bed,  (i  the  firedoor,/the  flue,  c  a  door 


for  charging  big  lumps  if  required,  b  the  working  door,  through  which 
the  copper  is  also  ladled  out.  At  e  e  there  are  two  channels  for  the 
admisaion  of  air  to  the  furnace,  this  being  regulated  by  more  or  less 
blocking  them  with  bricks. 

Figs.  206  and  207  represent  a  refining  furnace  such  as  is  used  at 
the  Lake  Superior  Refining  Works  for  native  copper.     As  is  shown  in 
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the  vertical  section  Fig.  206,  the  roof  is  keptparallei  with  the  bed  till 
close  to  the  fluebridge,  and  is  then  drawn  in  suddenly.  This  makes 
it  more  easy  to  arrange  suitably  in  the  furnace  big  blocks  of  copper, 
charged  in  through  the  door/.  The  largest  pieces  are  lowered  in  by 
means  of  a  crane,  after  the  shifting  portion  i'  of  the  roof  has  been 
taken  off  The  charge  is  from  5  to  10  tons,  but  has  recently  been 
still  further  increased.     The  bed,  14  feet  long,  is  10  feet  wide  in  the 


middle,  and  2  feet  4  inches  at  the  ladling  door.  It  is  composed  of  a 
layer  of  sand  rich  in  iron,  8  inches  deep,  s,  upon  which  is  a  layer  of 
quartzose  sand  z,  which  is  -saturated  with  copper  before  operations 
commence.  The  total  thickness  of  the  bed  at  the  firebridge  is  3  feet 
3  inches ;  g  is  the  sump  or  well,  i  the  flue,  k  the  stack,  e  the  fire  door, 
w  the  grate.  The  arr  enters  the  furnace  through  flues  in  the  brick- 
work b  and  c,  which  can  be  controlled  by  valves. 

A  copper  refining  furnace  used  at  Pittsburg,   Pennsylvania,  is 
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shown  in  Figs,  208  to  210.  In  these  a  is  the  grate,  h  the  fire  door 
n  the  firebridge,  c  the  bed,  d  the  charging  door,  e  the  working  and 
ladling  door, /the  flue. 

A  gas-fired  furnace  is  employed  at  Stadtberge  in  Westphalia,  a 
regenerative  Siemens  gas  furnace  at  Atvidaberg  in  Sweden;  this 
latter  very  closely  resembles  that  used  for  steel  making,^  only  the 
copper  is  not  tapped  but  ladled  out.  Such  a  furnace,  full  working 
drawings  of  which  may  be  found  in  Peters'  work,^  only  takes  2^  tons 
of  coarse  copper.  The  gas  is  produced  from  chips  of  wood.  The 
general  arrangement  of  the  furnace  is  shown  in  Figs.  211  and  212. 
G  G'  are  the  regenerators  filled  with  firebrick,  through  which  the  gas 
alternately  enters  the  furnace,  L  L'  the  regenerators  for  the  air.  V^ 
are  the  gas-,  V^  the  air-revei-sing  valves.  H  is  the  furnace  body,  Q 
the  quartz  bed,  E  the  charging  door,  B  the  working  and  ladling  door. 
The  air  needed  for  oxidation  is  admitted  either  through  separate 
openings,  or  else  some  of  the  air  current  required  for  combustion  is 
diverted  into  the  furnace.  In  general,  for  copper  refining,  grates  are 
preferable  to  gas  firing  especially  with  regenerators,  because  these  are 
apt  to  get  blocked  up,  and  because  of  the  difficulty  of  introducing 
into  the  furnace  sufficient  air  for  oxidation. 

A  refining  furnace  heated  with  naphtha  and  naphtha  residues  is 
in  use  at  Kedabeg  in  the  Caucasus.  The  naphtha  is  sprayed  in  with 
compressed  air.^ 

The  method  of  refining  depends  solely  on  the  composition  of  the 
coarse  copper,  as  regards  principally  the  amount  of  sulphur,  arsenic, 
and  antimony  present.  Thus  with  copper  that  does  not  contain  these 
elements  like  Lake  Superior  copper,  it  is  merely  a  matter  of  getting 
rid  of  a  certain  amount  of  gangue  and  a  little  iron,  and  of  getting 
dense  castings  of  a  specific  pattern.  With  copper  free  from  sulphur, 
the  operation  of  refining  is  considerably  shortened  by  the  omission  of 
the  so-called  braten  ("  boiling-up ")  and  dense-poling,  whilst  it  is 
greatly  prolonged  in  the  case  of  coarse  copper  containing  much 
sulphur  and  contaminated  by  considerable  quantities  of  foreign  metals 
(Xi,  Co,  Bi,  As,  Sb). 

It  will  be  advisable  to  take,  as  the  starting  point  for  a  study  of 
reBning,  such  a  coarse  copper  as  is  produced  in  German,  Austrian, 
English  and  Swedish  works,  containing  a  certain  amount  of  sulphur 
and  a  small  proportion  of  arsenic.  With  charges  of  5  to  10  tons,  and 
when  burning  coals  giving  a  long  flame  on  an  ordinary  grate,  the  time 

^  Allyemeitie  HiUlenkunde,  pp.  241  and  452. 

«  Op,  cit,  1895,  p.  510. 

»  KoUe,  The  Mineral  IndiMtry,  1898,  p.  246. 
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'Mxapietl  in  refining  will  be  from  18  to  24  hours,  according  to  the 
degree  of  purity  of  the  metal. 

The  coarse  copper  must  be  so  charged  that  the  flame  can  readily 
pass  round  each  individual  piece  ;  this  operation  takes  about  an  hour 
for  3  to  8  tons  of  coarse  copper.     With  sufficiently  pure  copper  unde/ 
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normal  conditions,  the  following  successive  stages  of  the  process  may 
be  distinguished : — 

1.  Fusion. 

2.  Scorifi  cation  (  Verblasen). 

3.  Boiling  (^ra^en). 

4.  Dense-poling  (Dichipolen). 

5.  Tough-poling  (Zdhpolen). 

The  fusion  is  performed  for  the  purer  kinds  of  coarse  copper,  with 
doors  closed  down  and  luted  with  clay  so  as  to  exclude  all  air.  With 
less  pure  kinds  it  is  advisable  to  allow  air  to  enter  either  through  the 
flues  for  air  admission  or  by  partially  opening  the  working  doors,  so 
as  to  partially  oxidise  the  foreign  elements  at  this  stage  ;  a  slag  rich 
in  cuprous  oxide  is  thus  formed  which  exerts  an  oxidising  action  on 
the  impurities.  The  fusion  stage  takes  6  or  7  hours  for  6  to  8  ton 
charges. 

When  the  coarse  copper  is  melted  down,  the  air  flues  are  opened, 
or  if  a  blast  is  used,  this  is  turned  on,  when  the  period  of  scorification 
commences.  Zinc,  lead,  arsenic  and  antimony  are  partly  volatilised, 
partly  oxidised ;  sulphur  escapes  as  sulphur  dioxide ;  iron,  nickel, 
part  of  the  zinc,  and  a  portion  of  the  copper  are  oxidised  and  slagged  off, 
the  requisite  silica  being  derived  from  the  lining  of  the  bed.  The 
slag  also  takes  up  all  other  bodies  that  come  to  the  surface  of  the 
bath  of  metal.  Besides  the  oxygen  of  the  air,  cuprous  oxide  also  acts 
as  an  oxidising  agent,  dissolving  in  the  molten  metal  and  then  giving 
up  its  oxygen  to  the  foreign  elements  present.  The  slag  is  repeatedly 
skimmed  off  the  bath  of  molten  metal  so  as  to  give  the  air  free  access 
to  the  latter. 

After  2  to  2  J  hours,  with  a  6  to  8  ton  charge,  the  formation  of  slag 
almost  ceases,  whilst  an  evolution  of  bubbles  from  the  naolten  metal 
becomes  noticeable.  This  is  the  beginning  of  the  boiling  (BraUn) 
stage.  Cuprous  oxide  is  now  acting  violently  upon  the  still  undc- 
composed  sulphide  of  copper,  producing  metallic  copper  and  sulphur 
dioxide.  This  latter  escapes  in  bubbles,  and  at  first,  with  many  kinds 
of  copper,  causes  the  production  of  copper  rain,  and  afterwards  with  all 
kinds  violent  foaming  of  the  bath,  which  may  go  as  far  as  ebullition 
of  the  latter.  This  is  the  origin  of  the  German  term  Braten  (  =  fiying) 
for  this  stage,  here  translated  by  '*  boiling."  The  copper  rain,  de- 
scribed under  refining,  page  241,  does  not  appear  with  all  kinds  of 
copper,  but  genemlly  with  the  purer  kinds  of  coarse  copper  that  still 
contain  a  good  deal  of  sulphur,  especially  when,  after  the  slag  has 
been  skimmed,  the  temperature  falls.  Dip  samples  taken  during 
this  stage  in  an  iron  spoon  show  a  foam-like  mass  of  copper.     As  the 
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operation  advances  and  the  formation  of  bubbles  slackens,  the  samples 
become  denser,  and  as  they  cool  crater-like  elevations  form  on  the 
surface,  through  which  the  sulphur  dioxide  breaks  out.  When  the 
formation  of  bubbles  has  still  further  stopped,  these  elevations  dis- 
appear, and  the  sulphur  dioxide  can  no  longer  break  through  the 
setting  surface  of  the  samples,  but  simply  raises  it.  When  the 
ebullition  is  over,  the  copper  still  retains  a  certain  quantity  of  sulphur 
dioxide,  which  it  only  gives  off  during  poling.  A  sample  taken  at 
this  period  only  shows  a  rising  of  the  upper  face,  and,  when  broken 
in  the  vice,  a  number  of  little  cavities  on  the  fractured  surface.  At 
the  end  of  the  boiling  stage,  which  lasts  3  to  4  hours,  the  copper  is 
in  the  dry  state.  In  addition  to  sulphur  dioxide  it  still  retains  con- 
siderable quantities  of  cuprous  oxide. 

To  remove  the  sulphur  dioxide,  the  copper  bath  is  now  submitted 
to  an  operation  of  poling,  called  by  the  Germans  dense-poling  (Dtcht- 
poUn);  for  this  purpose  a  pole  of  green  wood,  secured  outside  the 
furnace,  is  thrust  with  the  butt  end  downwards  into  the  molten 
copper  down  to  the  bed  of  the  furnace.  The  portion  of  the  wood 
immersed  in  the  hot  fluid  mass  there  undergoes  dry  distillation  ;  it 
evolves  steam,  hydrocarbons,  hydrogen,  and  carbon  monoxide,  which 
cause  violent  agitation  and  bubbling  up  of  the  bath  of  metal.  The 
absorbed  sulphur  dioxide  is  thus  expelled,  like  carbon  dioxide  is  from 
a  glass  of  beer  by  shaking  the  latter.  By  the  contact  of  the  cuprous 
oxide  with  the  reducing  gases  evolved  from  the  wood,  the  former  is 
reduced  to  the  metallic  state,  whilst,  on  the  other  hand,  the  molten 
metal  tossed  up  into  the  air  is  at  the  same  time  exposed  to  oxidation. 
The  complete  removal  of  the  sulphur  dioxide  is  indicated  by  the 
smooth  sur&ce  of  the  dip  sample.  After  this,  which  takes  place  in 
two  or  three  hours,  the  reduction  of  the  cuprous  oxide  is  proceeded 
with,  or,  if  the  copper  still  contains  foreign  elements,  the  air  is 
allowed  to  oxidise  the  surface  of  the  molten  metal  for  some  time 
longer.  The  sample,  which  should  be  fixed  convex  side  upwards  in 
the  vice,  has  a  brick-red  fracture  and  shows  a  structure  at  first 
columnar  but  afterwards  cubical  as  the  oxidation  of  the  copper 
advances ;  at  a  still  further  stage  the  brick-red  colour  has  a  strong 
violet  tinge.  The  degree  to  which  the  metal  has  to  be  oxidised 
depends  on  its  purity. 

The  reduction  of  cuprous  oxide  is  generally  performed  under  a 
cover  of  charcoal  or  anthracite  by  means  of  further  poling,  known  in 
Germany  as  "tough-poling"  (Zdh-polen).  A  fresh  pole  of  wood  is 
inserted  into  the  covered  bath  as  in  the  last  operation.  The  reducing 
gases  produced  by  the  dry  distillation  of  the  wood,  together  with  the 

VOL.   1  S 


258  METALLURGY 

contact  of  the  copper  with  the  covering  of  coals,  promoted  by  the 
ebullition  of  the  bath,  reduce  the  cuprous  oxide  to  metal  The 
author  has  repeatedly  observed  that  the  gases  generated  can  by 
themselves  effect  this  reduction,  the  process  having  been  carried  on 
for  a  considerable  time,  during  his  presence  in  the  Caucasus,  without 
the  covering  of  charcoal. 

As  this  reduction  proceeds,  the  copper  becomes  softer  and  tougher. 
In  order  to  judge  of  the  changes  taking  place  in  the  molten  bath 
during  this  poling,  samples  must  be  taken  continually ;  they  are 
dipped  out  with  a  small  spoon  made  of  iron  plate,  cooled  in  wat^r, 
fjistened  in  a  vice,  and  broken.  The  cubical  structure  of  the  fracture 
gradually  passes  successively  into  a  coarse  columnar,  a  fine  columnar,  a 
coarsely  fibrous,  and,  lastly,  into  a  finely  fibrous  structure.  Concurrently 
with  these  changes  in  strucfcure  the  colour  changes  from  violet  to 
brick-red,  yellowish-red,  and,  lastly,  to  a  fine  salmon-pink.  The 
lustre,  which  was  at  first  wanting,  appears  as  the  density  increases, 
and  is  at  last  vividly  silky.  At  the  same  time,  the  copper  becomes 
dense,  and  so  soft  as  only  to  be  broken  with  diflSculty  in  the  vice. 
In  the  latter  stages  the  tenacity  is  also  tested  by  forging  a  sample 
into  a  square  bar,  and  twisting  this  into  a  spiral,  when  no  fissures 
should  show  on  the  edges.  Another  sample  is  hammered  out  into  a 
thin  sheet,  which  should  only  break  after  being  repeatedly  bent  back- 
wards and  forwards.  If  these  qualities  are  wanting  in  the  copper 
after  the  poling  is  finished,  it  still  retains  some  impurities.  If  these 
can  be  removed  by  further  oxidation,  as  in  the  case  of  nickel  (anti- 
mony, arsenic,  bismuth,  and  tellurium  are  more  diflScult  of  removal), 
the  metal  is  again  oxidised  and  then  poled.  Generally  speaking, 
alternate  reductions  and  oxidations  are  employed  until  the  copj)er 
shows  the  requisite  qualities,  great  softness  and  toughness,  highly 
granular  fracture,  rose-pink  colour  and  satiny  lustre. 

Arsenic  and  antimony  cannot  be  completely  removed  by  oxidation 
alone.  In  order  to  get  rid  as  thoroughly  as  possible  of  these  sub- 
stances, lead  or,  at  the  commencement  of  the  process,  pure  white 
metal  is  added  to  the  bath  of  molten  copper.  Arsenic  is  not,  how- 
ever, completely  removed  even  by  this  method  ;  the  best  plan  is 
therefore  to  get  rid  of  the  arsenic  in  the  calcination  and  smelting 
operations  that  precede  the  production  of  coarse  copper. 

This  tough-poling  lasts  generally  one  hour,  but  may  take  several 
if  oxidation  and  poling  have  to  be  repeated.  Many  kinds  of  copjx^r 
have,  as  previously  stated  (p.  2),  the  property  of  absorbing  certain 
of  the  gases,  such  as  hydrogen  and  carbon  monoxide,  evolvwi 
during   poling,   and   of   thereby   becoming    porous.      According  U* 
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Hampe,^  hydrocarbons,  such  as  ethane  and  methane,  are  not  absorbed 
by  copper,  but  are  in  part  dissociated  at  the  temperature  of  molten 
copper,  carbon  being  separated  and  hydrogen  absorbed  by  the  copper- 
Sulphur  dioxide,  too,  can  render  copper  porous,  this  gas  being  pro- 
duced by  the  action  of  cuprous  oxide  formed  by  the  oxidation  of  the 
copper  during  pouring  upon  sulphide  of  copper  remaining  undecom- 
posed.  Porous  copper  is  not  suitable  for  rolling  or  hammering,  but 
can  be  employed  in  brass-making ;  the  above-mentioned  gases  must 
therefore  be  eliminated  before  or  during  casting  from  copper  intended 
for  rolling.  The  method  most  used  is  the  addition  of  a  small  quantity 
of  lead  before  pouring.  Probably  the  lead,  which  diflfiises  uniformly 
throughout  the  bath,  expels  the  gases  by  being  itself  for  the  most 
part  volatilised.  Others  ascribe  its  action  to  its  oxidation  and  com- 
bination with  cuprous  oxide,  so  that  any  sulphide  of  copper  present 
can  no  longer  be  decomposed  by  the  latter.  Small  quantities  of  lead 
that  remain  in  the  copper,  as  already  stated,  do  not  affect  its 
behaviour  in  the  rolls.  Copper,  on  the  other  hand,  that  is  to.be 
used  for  brass-making  (called  in  Germany  Gusarajinad)  may  not 
contain  any  lead,  but  the  porosity  in  this  case  does  no  harm.  Brass 
may  contain  up  to  0*01  per  cent,  of  antimony  and  bismuth  without 
disadvantage.^ 

Like  lead,  water  vapour  and  carbon  dioxide  have  the  power  of 
expelling  the  absorbed  gases  from  copper.  Hesse  leads  carbon 
dioxide  into  closed  moulds,  whereby  the  gases  are  expelled.  Accord- 
ing to  Stahl,^  copper  containing  small  quantities  of  arssnic  does 
not  absorb  any  gases,  and  as  arsenic  can  be  contained  up  to  0*4  per 
cent  in  copper  without  impairing  its  properties,  it  forms,  accord- 
ing to  Stahl,  a  means  for  preventing  the  copper  from  becoming 
porous. 

Another  method  of  preventing  it,  is  by  reducing  the  cuprous  oxide, 
instead  of  by  poling,  by  substances  that  do  not  evolve  any  gas,  such 
as  phosphorus,  phosphor-bronze,  and  manganese-bronze.  Phosphorus 
acts  by  reducing  cuprous  oxides  to  the  metallic  state,  and  becoming 
itself  oxidised  to  phosphorus  pentoxide,  which  combines  with  another 
portion  of  the  cuprous  oxide  to  form  phosphate  of  copper ;  this  floats 
on  the  surface  of  the  bath,  and  can  be  again  reduced  to  phosphide  of 
copper  by  the  action  of  the  layer  of  coal.  Phosphor-bronze  (a  com- 
pound of  phosphorus  and  copper)  is  to  be  preferred  to  free  phosphorus. 

*  Zei/schrift  fur  Berg-  H&tten-  und  Saiinenwesen  im  Preuas.  Stoat e^  1873,  21,  275. 
Ckemiker-Zeiiung,  1893,  17,  No.  92. 

*  E.  8.  Sperry,  The  Mineral  Industry ,  1899,  p.  260. 
'  Inaugural  Dissertation,  Tubingen,  1886. 
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In  the  case  of  manganese  bronze  (an  alloy  of  copper  and  manganese) 
the  manganese  acts  as  the  reducing  agent. 

As  soon  as  the  copper  has  attained  the  above-described  properties, 
ladling  must  be  commenced  without  delay.  Many  kinds  of  copper 
lose  their  valuable  properties  through  too  long  poling,  whilst  others 
become  porous.  Many,  however,  as  the  author  has  proved  by  long 
experience,  remain  unchanged.  Copper  that  has  lost  its  good  quali- 
ties through  too  long  poling  is  known  as  over-poled  copper. 

The  loss  of  the  valuable  properties  of  copper  through  over-poling 
was,  in  accordance  with  Karsten's  views,  ascribed  to  the  absorption  of 
carbon  by  the  fluid  metal,  up  to  the  year  1874,  when  Hampe  showed 
that  copper  cannot  absorb  carbon,  and  assigned  the  correct  reason, 
namely  the  reduction  of  certain  oxides  and  salts  contained  in  certain 
qualities  of  copper,  as  has  already  been  fully  explained.  (See 
page  5.) 

Antimony,  arsenic,  and  bismuth,  and  small  quantities  of  selenium 
and  tellurium,  are  the  most  important  elements  which  cannot  be 
removed  from  copper  by  refining.  Hence  electrolytic  refining  has  to 
be  resorted  to  for  the  preparation  of  copper  for  electrical  conductors. 
According  to  Keller,  copper  containing  0*6  to  0*8  per  cent,  of  cuprous 
oxide  has  the  highest  electrical  conductivity,  and,  generally  speaking, 
the  best  physical  properties.^ 

Over-poled  copper  must  be  oxidised  again,  and  then  poled  back 
to  the  right  pitch,  as  also  must  copper  that  has  been  rendered  porous 
by  too  long  poling,  and  is  free,  according  to  Stahl,  from  arsenic  and 
lead.  The  copper  is  ladled  out  by  means  of  wrought-iron  ladles 
daubed  with  lime  or  clay.  The  moulds  into  which  the  copper  is  cast 
are  made  of  cast-iron  or  copper. 

The  cast-iron  moulds  are  in  the  form  of  frames  standing  on  a  cast- 
iron  plate  from  which  they  can  be  lifted.  Copper  cast  in  these  moulds 
becomes  porous  where  it  is  in  contact  with  the  bottom  plate,  from 
some  unknown  cause,  though  it  has  been  assumed  that  the  bottom 
plate  becomes  coated  with  a  film  of  oxide,  which  by  its  action  on  any 
sulphide  of  copper  remaining  undecomposed,  evolves  sulphur  dioxide, 
which  makes  the  metal  porous.  For  this  reason,  a  thin  layer  of 
copper  is  first  poured  on  to  the  bottom  of  the  mould,  and  allowed  to 
cool  to  below  redness ;  the  rest  of  the  ingot  is  then  poured  to  the 
required  depth  on  to  the  copper  bottom  plate  thus  formed.  The 
porous  plate  is  returned  to  the  furnace  for  refining. 

When  copper  moulds  are  used,  the  copper  shows  no  porosity  at  it4> 
contact  with  the  mould;    hence  these   are  used  for  casting  small 

1  Op.  cit,  p.  248. 


COPPER 


261 


ingots.  These  moulds  are  often  dusted  ynth  bone  ash.  They  are  set 
over  a  tank  of  water,  and  can  be  revolved  round  a  horizontal  spindle, 
parallel  to  their  shorter  side,  so  that  when  the  copper  ingot  has  cooled 
to  a  certain  degree,  it  can  be  tipped  into  the  water.  In  order  to  be 
able  to  divide  the  ingots  readily,  they  are  deeply  notched,  the  moulds 
having  corresponding  ribs.  Figs.  213  to  215  show  the  arrangement 
of  the  moulds,  Figs.  216  and  217  the  shape  of  the  ingots,  the  latter 


Fio    213. 


Pio.  216. 


D 


Pio.  214. 


Fio.  215. 


Pia.  217. 


being  the  English  shape.  The  copper  moulds  are  made  by  means  of 
a  special  press  shown  in  Fig.  218 ;  the  fluid  copper  is  poured  into  the 
box  /,  and  before  it  sets  the  stamp  c  is  pressed  into  it,  producing  a 
mould  of  the  required  shape. 

Whilst  the  copper  is  being  ladled  out,  samples  must  be  taken  from 
time  to  time.  Should  these  indicate  any  oxidation  of  the  copper,  the 
metal  most  be  brought  back  to  its  normal  pitch  by  poling.   According 
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to  the   size  of  the  charge,  ladling  and   casting  may  take   one   or 
several  hours. 

Special  appliances  are  needed  for  tapping  copper.  The  metal 
flows  from  the  taphole  along  a  gutter  into  a  ladle,  from  which  the 
copper  can  be  poured  into  the  moulds  by  tilting  by  hand  or  by 
machine.  In  Pierce's  machine,  the  ladles  are  carried  to  the  moulds 
by  a  travelling  crane,  and  are  there  tilted  by  hand.^  The  taphole  is 
plugged  with  clay,  held  in  place  by  iron  bars,  which  are  removed  as 
the  level  of  the  metal  sinks  in  the  furnace.  While  changing  ladles, 
the  stream  of  metal  is  dammed  by  means  of  a  clay-covered  plate. 
The  two  ladles  used  in  this  process  hold  7  cwts.  of  metal. 

In  Walker's  apparatus,  the  moulds  are  arranged  on  a  turn-table, 
and  can  be  brought  under  the  ladles.  These  hang  on  pivots,  and  are 
moved  backward  and  forwards  and  tipped  by  machinery.  The  ingots 
are  turned  out  from  the  moulds,  and  lifted  from  the  water  by 
mechanical  means.  This  method  can  be  used  for  all  grades  of 
copper,  and  for  pouring  molten  electrolytic  copper  into  any  kind  of 
mould,  whilst  Pierce's  method  is  not  applicable  in  some  cases  owing 
to  spurting.  Keller  has  described  Pierce's  apparatus,  the  general 
arrangement  of  which  is  seen  in  Figs.  219  to  221.* 

The  copper  is  tapped  at  x  from  the  furnace  z,  and  flows  through 
a  gutter  into  the  ladle  C  (Fig.  219).  The  latter  is  hung  near 
the  lip,  from  the  pins  w  on  two  arms  o,  which  are  connected  to  the 
horizontal  SLxiap  and  turned  by  the  lever  q  (Fig.  221).  By  turning 
p,  the  ladle  can  be  moved  horizontally  backwards  and  forwards.  By 
the  forward  movement  the  copper  can  be  poured  into  the  middle  of 
the  moulds ;  the  backward  movement  allows  of  the  turning  of  the 
table  and  the  bringing  up  of  fresh  moulds.  The  ladle  is  tilted 
by  raising  its  back  end  by  means  of  the  rods  r  (Fig  221),  which  are 
connected  by  a  rope  working  over  the  pulley  s,  and  are  raised  or 
lowered  by  hydraulic  power  from  the  cylinder  t.  A  workman  stand- 
ing on  the  plate  e  (Fig.  220)  regulates  the  motion  by  the  lever  u. 

When  the  copper  does  not  solidify  too  quickly,  it  can  be  run 
directly  into  the  moulds.  Otherwise  a  deflector  is  used  to  ensure 
uniform  distribution  in  the  moulds.  This  consists  of  a  bucket  k 
hanging  from  Y  on  the  hooked  end  of  a  long  bar  i  (Fig.  219).  This 
bucket  receives  the  copper,  and  then  distributes  it  through  the 
moulds.  To  obtain  the  copper  in  cakes,  the  bucket  is  made  like  a 
flat  dish,  which  is  provided  with  pouring  lips  when  ingots  are  to  be 
made.  Other  methods  for  fixing  the  deflectors  are  shown  in  Figs. 
222  and  223. 

»  The  Mineral  IndwUry,  1899,  p.  251.  *^  IbUl.',  p.  252. 
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The  moulds  H  and  T  (Fig.  220)  are  let  into  corresponding 
sockets  in  the  cast-iron  arms  T.  These  arms  project  from  the  turn- 
table and  are  moveable  around  the  edge  of  it,  so  that  they  can  be 
attached  to  either  long  or  short  moulds.  Short  moulds  are  arranged 
side  by  side  and  supported  on  iron  bars  let  into  the  arms  T, 

As  soon  as  a  mould  is  filled,  the  deflector  is  pushed  aside,  the  back 
part  of  the  ladle  let  down,  and  the  table  turned  until  a  new  mould 
occupies  the  place  of  the  old  one.     The  deflector  is  replaced,  and  the 


Pia.  221. 


pouring  proceeded  with  as  before.  The  turntable  is  worked  by 
hydraulic  power  from  the  cylinder  N  (Fig.  221).  The  piston  works, 
by  a  rope,  the  loose  drum  L,  on  the  axle  of  which  is  a  toothed  wheel 
gearing  into  a  rack  in  the  rim  of  the  turntable  (Fig.  219).  When 
the  turntable  has  made  the  requisite  movement,  the  water  escapes 
from  the  cylinder.  The  piston  is  pulled  out  into  position  for  another 
stroke,  by  the  falling  of  a  counterweight  which  is  attached  to  a  rope 
wound  round  the  top  of  the  drum.  A  ratchet  arrangement  controls 
the  motion  of  the  drum.     A  workman  stationed  on  the  plate  M 
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(Fig.  219)  controls  the  hydraulic  cylinder  as  well  as  the  deflector  by 
means  of  a  lever. 

Little  castings  that  solidify  rapidly  are  emptied  into  a  dry  trough 
Hi  (Fig.  220)  after  the  turntable  has  moved  through  90" ;  but  larger 
castings  are  tipped  into  water  at  V,  after  turning  through  another  right 
angle.  The  moulds  are  tipped  into  water  by  special  appliances,  emptied, 
and  brought  back  to  their  original  places.  The  ingots  are  removed 
from  the  trough  by  an  endless  chain  arrangement,  as  shown  in  Fig.  219. 


FiQH.  222  and  223. 


The  consumption  of  fuel  depends  on  the  purity  of  the  copper, 
the  size  of  the  charge,  and  the  quality  of  the  fuel ;  it  varies  between 
33  per  cent,  and  65  per  cent,  of  the  weight  of  the  charge.  With  the 
large  12  ton  charges  in  the  United  States,  it  is  taken  at  30  to  33  per 
cent,  of  the  product  (about  94  or  95  per  cent,  of  the  copper  contents 
of  the  coarse  copper). 

According  to  Keller  ^  the  consumption  per  1,000  lbs.  charge  in 
the  United  States  varies  with  output  as  follows  : — 

»   The  Mineral  Indmtry,  18»9,  p.  260. 
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Fael  consumption  per  1 ,000  lbs.  charge.  Output  of  furnace. 

300  lbs 20,000  lbs. 

200   „ 40,000 

170   „ 60,000 

140   „ 80,000 

120   „ 100,000   „ 

A  refining  furnace  can  work  for  3  weeks  up  to  several  months  (4 
in  the  Caucasus)  before  a  new  bed  needs  to  be  put  in.  At  Wallaroo, 
i^fhere  it  is  hewn  out  of  solid  sandstone  and  repaired  with  clay,  it  lasts 
for  a  number  of  years. 

The  products  of  the  refining  process  are  refined,  tough-pitch  copper 
or  tough-cake  (the  Germans  distinguish  between  Chiss-raffinad,  refined 
copper  for  brass  making,  and  Wcdz-raffinady  refined  copper  for  rolling), 
and  slags  known  as  refinery  dross  or  refinery  slag. 

Copper  to  be  used  for  electrical  work  may  not  contain  more  than 
traces  of  impurity  because  these  diminish  its  conductivity.  The  best 
copper  for  this  purpose  is  Lake  Superior  copper,  the  so-called  Lake 
copper,  and  copper  prepared  by  electrolysis. 

The  impurities  contained  in  various  kinds  of  refined  copper  are 
shown  in  the  following  table  : — 


1     AUB- 

traUa 

TaVa 

Caucasus 

Ural. 

England. 

England. 

Best 
selected. 

1 

Chili. 

Bpain.         (Burra- 
Bunra). 

Superior. 

0*0077 

(Koda- 
beg). 

Nislmi- 
Tagilflk. 

Bant 
selected. 

Fe  . 

0-08— 1-64 

0-36 

0-0080 

00034 

0-10—0-15 

010 

Ni  \ 

Co ; 

— 

— 

0-0146 

— 

— 

Ag. 

^~'         1     ~~' 

0-0289  ;  0-1613 

0-0032 

1 

As  . 

trace-— 0 '5 

0-25-3-31  i  002 

00151 

0-0002 

— 

' 

8b  . 

trace — 0*5 

trace— 0-70 

— 

trace 

0-0087 

0-0042 

0-01 

Bi    . 
Pb  . 
Sn  . 

trace 

trace— 0-04 

— 

— 

— 

i 

0-0036 

— 

The  composition  of  Mansfeld  refined  copper  is  shown  by  the  fol- 
lowing analyses.  No.  I.  and  IL  being  Gicss-Rajffinad  for  brass  making, 
and  No.  IIL  and  IV.  Walz-Baffinad  for  rolling  or  hammering : 


Cu 

Ni 
Co 
As 
Fe 

S  . 


I. 


99-442 
0-026 
0  006 

0-317 

0025 
0-024 


II. 


99-512 
0-028 
0042 

0-279 

not  determined 
0-037 


III. 


99-340 
0-023 
0-204 

0-298 


IV. 


99198 
0  014 
0-206 

0-467 


0030  0-061 

trace  trace 

not  determined  not  determined 
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A  refined  converter  copper  has,  according  to  Keller/  the  following 
composition: — 

Cu 9925      per  cent. 

Pb 00103 

Bi 00044 

Sb 00630 

As 00211 

Te} 0O082         „ 

0 0-284 

Ag    .......     .      0-36 

If  the  copper  contains  too  much  cuprous  oxide,  it  is  termed  low 
pitch  ;  if  too  little  it  is  called  high  pitch.  If  low  pitch,  the  surface 
of  the  metal  is  concave ;  if  high  pitch,  it  is  convex. 

The  composition  of  refinery  slag  varies  greatly  with  the  purity  of 
the  coarse  copper,  and  the  stage  of  the  refining  at  which  it  is  ob- 
tained ;  it  consists  of  a  mixture  of  silicates  and  metallic  copper. 

The  following  is  an  example  of  a  Welsh  refinery  slag : — 

Silica 47*4 

Cuprous  oxide 36*2 

Ferrous  oxide 3*1 

Nickel  oxide 0*4 

Tin  oxide 0*2 

Alumina 20 

Lime 1-0 

Magnesia 0*2 

Metallic  copper 90 

In  order  to  recover  the  copper,  it  is  added  to  the  ore  or  matte 
furnace  charges,  or  if  it  contains  a  workable  amount  of  nickel,  treated 
separately  for  nickeliferous  copper. 

The  slags  from  the  refining  of  the  converter  copper  mentioned 
above,  have  the  following  average  composition : — 

Cu 44*47      per  cent. 

Pb 0-5936 

Bi 00020 

Sb 0-2044 

As 00490 

Se  \ 

Te  J 

Ag 0079 

1  Op,  cit.  p.  247. 
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They  consist  of  metallic  grains  and  slag  proper,  with  the  re- 
spective compositions : — 

Metallic  grains.  >Slag. 

Cu 98-95        35-66 

Pb 0-0293 0-65 

Bi 00044 00018 

Sb 00680 0-2180 

As 0-0490 00490 

Se 


} 


^^   r 0-0101 0-0018 

Ag 0-375 005 

O —  6-01 

S —  0-61 

SiOj —  3902 

Alfi^ —  4-19 

CaO' —  504 

Fe —  ......  8-21 

These  slags  are  added  to  ore  or  matte  charges,  or  they  are  worked 
for  nickeliferous  copper  if  they  contain  much  nickel.  In  some  cases 
they  are  smelted  by  themselves  in  blast  furnaces  for  black  copper, 
which  takes  up  60  per  cent,  of  the  silver  from  the  slags.  Black  copper, 
even  that  obtained  from  electrolytic  refinery  slags,  gives  a  poorer 
grade  copper  than  refinery  copper,  notwithstanding  most  careful  refin- 
ing.   This  copper  cannot  be  used  for  rolling  nor  for  electrical  work. 

The  flue  dust  got  by  refining  of  the  converter  copper  mentioned 
above,  has  the  following  composition  ^ : — 

Cu 92-60 

Pb 0-0040 

Bi 0-0114 

Sb 00650 

As 00470 


Se 
Te 


} 


00064 


The  following  are  examples  of  copper  refining : 

At  Eedabeg  in  the  Caucasus,  the  author  saw  refining  performed 
in  small  furnaces  supplied  with  blast — so-called  Siberian  furnaces, 
wood  being  the  fuel  used.  The  charge  was  80  to  90  pood  ^  of  coarse 
copper,  and  the  time  occupied  8  hours,  three  charges  being  worked 

^  Keller,  op.  cit.  p.  247. 

'  One  pood  =  36*1141  lbs.  avoirdupois. 
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off  in  24  hours.  Of  the  time  occupied  for  one  charge,  J  hour  was 
consumed  in  fettling  and  charging  the  fiimace,  2J  hours  in  the 
fusion,  3^  hours  in  the  scorification  and  boiling,  and  1^  hours  in 
poling.  The  fuel  used  in  24  hours  was  1^  cubic  fathoms  of  wood. 
Each  100  pood  of  coarse  copper  yielded  82  pood  of  refined  copper  and 
25  pood  refinery  slag  containing  30  to  50  per  cent,  of  copper.  The 
composition  of  the  copper  is  shown  in  the  following  analyses  : — 

I.  IL 

Cu 99-6900 99-6700 

Au 0-0067 0-0066 

Ag 0-0877 0-0958 

Pb 0-0110 0-0092 

Fe 00350 00273 

Zn 00731 01043 

Ni 00057 0-0083 

Copper  intended  for  the  Asiatic  markets  must  show  exteriorly  a 
fine  rose-pink  colour  to  suit  their  tastes.  This  is  obtained  by  miidng 
wood  tar  with  the  water  into  which  the  copper  is  thrown  after  it  has 
set  in  the  moulds.  A  refining  furnace  lasts  4  or  5  months  before  it 
needs  re-building. 

At  present,  copper  is  refined  in  furnaces  heated  with  naphtha, 
the  course  of  the  refining  being  in  no  way  diflferent  fi:om  that  already 
described.  For  treating  200  pood  of  black  copper,  33  pood  of 
naphtha  are  needed.  The  refined  metal  contains  0*08  per  cent,  of 
silver  and  gold.  Part  of  this  is  electrolysed.  The  refinery  slags  are 
added  to  the  black  copper  charges. 

The  ores  from  Lake  Superior,  which  consist  of  native  copper  and 
a  little  cuprite,  are  smelted  in  refinery  furnaces  and  immediately 
refined.  They  are  treated  on  Lake  Superior,  at  Detroit,  Hancock, 
and  Pittsburg.^  They  average  70  to  80  per  cent,  of  copper  and  are 
obtained  by  the  mechanical  treatment  of  the  very  low  grade  ores,  the 
dressed  material  being  known  as  mineral.  It  is  either  in  larger 
lumps  (known  as  barrel  work)  of  native  copper  containing  96  to 
97  per  cent,  of  copper,  sandy  ores  (mineral)  from  the  steam  stamps 
and  dressing  floors,  with  80  to  85  per  cent,  of  copper,  or  slimes 
with  30  to  40  per  cent,  of  copper.  The  refining  furnaces  have 
already  been  described.  The  charge  is  from  5  -to  12  tons.  The 
largest  pieces  are  charged  first,  then  those  of  smaller  grain,  and  the 
finest  slimes  last ;  some  slag  containing  25  to  30  per  cent,  of  copper 

»  Eggleston,  Eng.  and  Min,  Journal,  33,  pp.  167,  183,  196,  209. 
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is  added,  and  from  6  to  8  per  cent,  of  limestone.  As  the  ores  are 
free  from  sulphur  and  other  injurious  impurities,  the  refining  proper 
takes  a  correspondingly  short  time,  and  consists  in  scorification 
followed  by  poling.  The  fusion  lasts  12  hours,  after  which  slag  is 
skimmed  for  another  4  to  5  hours.  The  scorification  is  continued 
till  the  copper  is  quite  dry,  greatly  assisted  by  a  method  of  stirring 
the  bath  known  as  flapping,  and  takes  from  ^  to  2  hours.  The 
poling  takes  2  hours,  and  casting  the  refined  copper  takes  2  hours 
more.  For  the  production  of  132|  cwts.  of  refined  copper,  72J  cwts. 
of  coals  are  consumed. 

The  copper  refinery  slags  are  smelted  for  copper  in  a  shaft 
furnace  11  feet  high  with  the  addition  of  8  to  9  tons  of  lime  to  each 
20  tons  of  slags. 

Eggleston  {loc,  cit)  gives  the  following  percentage  determinations 
of  the  impurities  in  Lake  copper ;  it  is  distinguished  by  its  high 
electrical  conductivity,  and  is  only  equalled  in  this  respect  by  copper 
prepared  by  electrolysis : — 


I. 

1 

II. 

III. 

IV. 

V. 

VI. 

Fe  .  .  . 
Ni  .  .  . 

1 

•   •   •      -   •  1     — ^ 

0002 

0  005 
0-003 

0-003 

0-03 

0  05 

Co  .  . 

......  i  0-030 

....     0-280 

1 

0  030 
0-280 

0  030 
0190 

0  030 
0-220 

0  070 
0-370 

0-04 
0-20 

In  the  Gottesbelohnungshutte  at  Mansfeld,  the  residues  from  the 
Ziervogel  silver  extraction  process,  consisting  chiefly  of  cupric  oxide 
and  containing  75  per  cent,  of  copper,  are  reduced  in  the  refining 
furnace  mixed  with  coal,  and  then  refined.  The  oxide  is  mixed  wet 
with  10  per  cent,  of  coal  and  then  dried ;  the  charge  for  the  above 
described  furnaces  consists  of  4  to  5  J  tons  of  residues.  The  operation 
of  refining  proper  proceeds  rapidly  here  because  foreign  substances 
are  volatilised  and  slagged  off  in  the  course  of  the  reduction  and 
(usion ;  accordingly  there  is  neither  scorification  nor  boiling.  In  8 
hours,  reduction,  fusion,  and  slag  formation  are  complete,  and  after 
the  slag  is  skimmed  off,  dense-poling  follows,  taking  2 J  to  3  hours, 
and  tough-poling,  taking  1  hour.  The  ladling  of  the  copper  into 
moulds  takes  2  hours.  After  the  furnace  has  stood  empty  for  from 
2  to  4  hours,  during  which  time  the  bed  is  fettled,  a  fresh  charge  is 
put  in.  When  Guss-raffinad  for  brass  making,  which  may  be  porous 
and  contain  a  certain  quantity  of  oxide  of  copper,  is  being  made. 
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dense-poling  takes  a  correspondingly  shorter  time  than  when  Waiz- 
raffinad  is  to  be  produced  ;  to  the  latter  a  little  lead  is  added.  The 
fuel  consumption  is  about  45  to  50  per  cent,  of  the  residues  treated. 
A  furnace  campaign  lasts  3  to  4  weeks.  The  refinery  slags  are 
smelted  for  coarse  copper  in  shaft  furnaces,  this  being  worked  into 
blister  copper  in  Spleiss  furnaces,  and  then  refined.  The  spkiss-fumaa 
skimmings  retain  the  nickel  that  was  in  the  copper,  and  are  ac- 
cordingly smelted  with  pyrites  in  shaft  furnaces  for  nickel  matte. 
The  total  yield  of  copper,  including  the  slag  products,  is  99*4  per  cent. 

Formerly  Ziervogel  residues  used  to  be  treated  at  Mansfeld  by 
fusion  for  coai-se  copper  in  shaft  furnaces,  the  copper  being  after- 
wards refined.  The  charge  was  5  to  57  tons  ;  charging  took  1  hour, 
fusion  6  to  7  hours,  scorification  2  to  2J  hours,  boiling  3  to  4  hours, 
dense-poling  2^'to  3  hours,  tough-poling  1  hour,  ladling  out  2  hours. 
The  product  was  80  per  cent,  of  refined  copper  and  20  per  cent 
of  slags. 

Mansfeld  refined  copper,  produced  by  direct  treatment  of  Ziervogel 
residues  in  1880  showed  the  following  impurities  : — 


1. 

II. 

Ag  .     . 

.     .  0028  to  0030  .     . 

.     .  0016  to  0*020 

Pb  .     . 

.     .  0043  „  0103   .     . 

.     .  0134  „  0-259 

Fe   .     . 

.     .  0025  „  0132   .     . 

.     .  0019  „  0024 

Ni  .     . 

.     .  0-239  „  0-275   .     . 

.     .  0101  ,.  0144 

At  Oker,  argentiferous  coarse  copper  is  refined  for  the  production 
of  anode-plates  for  the  electrolytic  separation  of  copper  and  silver. 
The  refining  furnace  is  similar  to  that  used  at  Mansfeld.  The  charge 
is  6  or  7  tons  (generally  4J  tons  coarse  copper  and  1 J  to  2  tons  anode 
residues  from  electrolysis  or  foreign  copper).  .  The  fusion  lasts  6  to  7 
hours,  scorification  4  hours,  boiling  2  to  3  hours,  dense-poling  1  hour, 
intermediate-poling  1  hour,  tough-poling  1  hour,  and  ladling  out  1 
hour.  With  charging  and  fettling  the  furnace,  the  entire  operation 
lasts  24  hours.  The  fuel  consumption  is  50  to  54  per  cent,  of  the 
weight  of  the  charge.  The  output  is  89  to  90  per  cent,  of  anode 
plates  containing  98-5  per  cent,  of  copper. 

II.    Extraction  of  Copper  by  Wet  Methods. 

Wet  methods  are  employed  for  ores  so  poor  in  copper  that  ex- 
traction in  the  dry  way  would  be  no  longer  profitable.  Under 
favourable  circumstances  they  can  be  applied  to  ores  with  only  \  to 
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1  per  cent,  of  copper.     They  are  also  used  for  the  extraction  of 
copper  from  metallurgical  products  containing  gold  and  silver. 

Their  principle  consists  in  getting  into  aqueous  solution  by  means 
of  suitable  solvents,  the  copper  which  must  exist  in  some  combination 
suitable  for  solution,  and  of  precipitating  it  from  these  solutions  by 
means  of  suitable  precipitants.  The  copper  precipitate  is  refined  in 
the  dry  way.  If  the  copper  is  not  present  in  the  ores  or  metallurgical 
products  in  a  form  suitable  for  solution,  it  must  first  be  got  into 
such  form. 

The  ores,  from  which  copper  is  to  be  extracted  in  the  wet  way, 
contain  it  in  the  form  of  oxide,  carbonate,  sulphate  or  sulphide ; 
phosphates  and  arseniates  are  so  rare  that  they  are  only  exceptionally 
treated  by  wet  methods.  From  all  these  ores  except  the  sulphides, 
the  copper  can  be  dissolved  with  sufficient  rapidity  by  the  aid  of 
cheap  solvents.  Ores,  on  the  other  hand,  that  contain  copper  as 
sulphide,  only  admit  of  very  slow  and  imperfect)  extraction  by  the  aid 
of  a  cheap  solvent  (ferric  sulphate);  the  energetic  solvents,  such  as 
aqua  regia,  nitric  acid,  chlorine  and  hok  concentrated  sulphuric  acid, 
are  too  dear  to  be  applicable  on  a  large  scale.  It  is  therefore 
necessar)*  to  transform  the  sulphide  of  copper  into  some  form  suitable 
for  solution  by  cheap  solvents  such  as  water,  hydrochloric  acid,  sul- 
phuric acid  or  solutions  of  metallic  chlorides. 

We  have  therefore  to  consider  separately  : 

1.  The  extraction  of  copper  from  ores  that  contain  it  as  oxide  or 

carbonate. 

2.  The  extraction  of  copper  from  ores  that  contain  it  as  sulphate. 

3.  The  extraction  of  copper  from  ores  that  contain  it  as  sulphide. 
In  all  these  cases  the  copper  is  brought  into  solution  as  a  sulphate 

or  a  chloride,  and  precipitated  from  solution  by  means  of  iron  as 
metallic  copper,  or  exceptionally  by  sulphuretted  hydrogen  as  sul- 
phide, or  by  lime  as  sub-oxide  or  hydrated  oxide. 

1.     THE  EXTRACTION   OF    COPPER   FROM  ORES  THAT    CONTAIN    IT   AS 

OXIDE  OR   CARBONATE 

Cupric  oxide  only  occurs  exceptionally  in  sufficient  quantity  to 
form  the  object  of  a  wet  process.  Azurite  and  malachite  are  much 
more  abundant.  For  a  while  phosphate  of  copper  together  with 
malachite  was  the  object  of  a  wet  extraction  process  at  Linz  on  the 
Rhine. 

a.  The  eolation  of  the  Copper.    From  the  above  combinations 
copper  can  be  dissolved   by   means  of  sulphuric  acid,  hydrochloric 

VOL.  I  T 


274  METALLURGY 

acid,  ferrous  chloride,  amtnoniacal  compounds,  hyposulphite  of  soda 
and  ferric  sulphate.  Of  these  solvents,  only  sulphuric  acid,  hydro- 
chloric acid  and  ferrous  chloride  have  been  employed  practically; 
the  others  have  only  been  used  experimentally  and  are  in  part  too 
slow  and  imperfect  in  their  action,  and  in  part  too  dear. 

Sulphuric  and  hydrochloric  acids  act  very  energetically;  their 
applicability  depends  entirely  on  their  price.  If  it  is  low,  they 
should  be  used  in  preference  to  the  much  slower-acting  ferrous 
chloride.  When  there  are  Leblanc  soda  works  near  the  smelting 
works,  the  employment  of  hydrochloric  acid  is  to  be  recommended. 
Ferrous  chloride  has  found  but  limited  application  and  with  variable 
results.  In  the  United  States  and  in  Siebenbiirgen  a  mixture  of 
green  vitriol  and  common  salt,  in  which  ferrous  chloride  is  the  active 
solvent,  has  been  employed  (Hunt-Douglas  process).  More  recently 
in  the  United  States,  sulphuric  acid,  to  which  ferrous  chloride  is 
added  after  leaching,  has  been  used  instead  of  ferrous  chloride  (New 
Hunt- Douglas  process). 

A  necessary  condition  for  tiie  employment  of  acids  is  that  the  ores 
shall  not  contain  in  notable  quantity  other  bodies,  especially  carbon- 
ates, soluble  in  acids.  Other  carbonates  than  those  of  copper  are 
also  prejudicial  to  the  employment  of  ferrous  chloride. 

Lixiiriation  with  Sulphuric  Acid 

Sulphuric  acid  is  either  used  as  such,  or  else  sulphur  dioxide, 
nitrous  fumes  and  water  vapour  are  allowed  to  act  on  the  ores. 

When  liquid  sulphuric  acid  is  used  (as  is  done  when  sulphuric 
acid  chambers  exist  in  the  neighbourhood  of  the  works),  vessels  of 
sheet  lead  supported  by  wood,  or  of  acid  proof  stone,  are  used ;  on 
a  smaller  scale  stoneware  vessels  may  also  be  used.  Cupric  oxide, 
azurite,  malachite,  and  arseniate  of  copper  dissolve  readily,  phosphate 
of  copper  with  rather. more  difficulty.  Cuprite  is  best  left  exposed 
to  the  air  for  some  time  after  being  moistened  with  acid,  whereby  it 
is  transformed  into  cupric  oxide.  At  Stadtberge  in  Westphalia 
and  at  Linz  on  the  Rhine,  ores  containing  1  to  2  per  cent,  of  copper 
used  to  be  sulphated  by  means  of  sulphur  dioxide,  water  vapour,  and 
nitrous  gases,  and  then  lixiviated.  At  Stadtberge  the  ores  were  azurite 
and  malachite  disseminated  through  quartzose  schist,  at  Linz,  at  the 
Stern  works,  copper  carbonates  and  phosphates.  The  leaching  vessels 
were  tanks  of  brickwork,  3  feet  1  inch  deep.  Above  the  bottom 
proper  thebe  had  a  false  bottom  or  grating  made  of  acid  proof  material 
(firebricks  at  Stadtberge,  basalt  columns  at  Linz)  supported  by  bricks 
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on  edge.  The  ores  were  piled  up  on  this  grating,  the  gases  being 
conducted  underneath  it.  The  latter  were  respectively  generated  by 
roasting  iron  pyrites  in  shaft  furnaces  and  zinc  blende  in  muffle 
furnaces,  and  by  treating  Chili  nitre  with  sulphuric  acid.  The 
sulphur  dioxide,  nitrous  fames,  and  water  vapour  together  formed 
sulphuric  acid,  which  converted  the  copper  compounds  into  sulphates. 
After  8  to  10  days  the  copper  sulphate  was  dissolved  out  by  means  of 
water  or  of  the  acid  mother-liquors  left  after  precipitating  the  copper. 
The  leaching  was,  as  should  always  be  done,  so  conducted  that  fresh 
water  or  the  copper-free  mother-liquor  was  allowed  to  attack  the 
most  completely  exhausted  ore,  whilst  the  almost  saturated  solution 
was  run  on  to  fresh  ore  until  it  was  fully  saturated  (22**  to  26°  B.). 
The  liquor  that  drained  away  ran  into  receivers,  whence  it  was  again 
pumped  on  to  the  ores.  This  process,  which  extracted  the  copper 
down  to  \  per  cent.,  has  long  ago  been  abandoned.  In  Stadtberge 
sulphuric  acid  was  replaced  by  the  cheaper  hydrochloric  acid  as  long 
as  the  supply  of  oxidised  ores  lasted. 

At  present  oxidised  ores   are  leached  with   sulphuric  acid  at 
Clifton  in  Arizona.^ 

Zixiviation  with  HydrocMoric  Acid 

Hydrochloric  is  preferable  to  sulphuric  acid,  because  it  is  less  apt 
to  form  basic  salts  than  the  latter  (ferric  sulphate  when  exposed  to 
the  air  is  decomposed  into  basic  sulphate  of  iron  and  free  sulphuric 
acid)  and  therefore  yields  solutions  that  contain  but  little  free  acid, 
and  which  accordingly  require  less  iron  for  the  precipitation  of  the 
copper  than  do  solutions  containing  sulphate  of  iron.  On  the  other 
hand,  it  attacks  oxide  of  iron  more  energetically  than  does  sulphuric 
acid,  and  is  therefore  less  suitable  than  the  latter  acid  for  treating 
ores  that  contain  much  ferric  oxide. 

It  was  formerly  used  with  advantage  at  Stadtberge  to  extract 
copper  from  the  above  described  ore  containing  |  to  2  per  cent,  of  metal.* 
The  leaching  vessels  were  rectangular  tanks  of  wood  4  feet  IJ  inches 
high,  packed  round  with  a  layer  of  clay  1  foot  1  inch  thick,  and  fitted 
with  a  grating  of  wooden  bars,  upon  which  the  ores  were  piled.  The  first 
tanks  held  29  tons  of  ore,  but  those  erected  afterwards  had  a  capacity 
of  90  tons.  All  the  tanks  were  situated  on  one  level.  The  leaching 
was  methodical,  ores  nearly  free  from  copper  being  treated  with 
fresh  hydrochloric  acid  of  12''  to  13''  B.,  as  obtained  from  soda  works, 

»  The  Mineral  Ifidustry,  1898,  p.  227. 

'  Zeilsch,  des  Vereina  deutscher  Ing.  16,  305. 
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whilst  fresh  ore  was  treated  with  partially  saturated  solution  until 
the  latter  was  fully  saturated,  which  took  place  at  19"  to  20°  B.  The 
various  solutions  were  allowed  to  remain  12  hours  in  each  tank,  the 
saturation  point  being  reached  in  10  to  12  days.  The  solution  was 
circulated  by  means  of  pumps  and  bucket- wheels.  After  the  solution 
had  percolated  through  the  ores,  it  ran  out  through  a  plug-hole  to 
which  the  bottom  of  the  tank  inclined,  into  receivers,  whence  it  was 
again  lifted  to  its  proper  tank.  The  exhausted  ore  was  allowed  to 
lie  for  another  12  to  15  hours  in  water  and  was  then  washed  for  12 
hours  more.  Fresh  acid  was  diluted  with  a  portion  of  the  acid 
mother-liquor.  For  each  100  parts  by  weight  of  copper,  550  to  700 
parts  of  hydrochloric  acid  of  12°  to  13°  B.  were  employed.  This  form 
of  lixiviation  had  to  be  abandoned  because  the  carbonates  of  the  ore 
were  replaced  by  sulphides  in  depth. 

At  Twiste  in  Waldeck,  attempts  were  made  to  leach  the  copper 
ores  (malachite  and  azurite)  occurring  in  the  Bunter  Sandstein 
(Lower  Trias)  and  containing  J  to  1  per  cent,  of  copper,  by  means  of 
hydrochloric  acid,  but  had  to  be  abandoned  because  the  ores  con- 
tained from  i  to  1  per  cent,  of  lime,  which  was  dissolved  by  the  acid 
before  it  attacked  the  copper. 

Lixiviation  with   Solutions  containing  FerrotLS   Chloride 

Cupric  oxide  and  cupric  carbonate  are  decomposed  by  solution  of 
ferrous  chloride,  forming  cupric  and  cuprous  chlorides  and  oxide  of 
iron,  and  in  the  cases  of  carbonates,  also  free  carbon  dioxide,  in 
accordance  with  the  equations  : — 

3CuO      +  2FeCl2  =  FcgOg  +  CuCl^  +  CugClg 
SCuCOg  +  2FeCl2  =  FegO^  +  CuClg  +  C\xfi\  +  3COo. 

The  oxide  of  iron  is  precipitated,  whilst  the  chlorides  of  copper 
pass  into  solution,  cuprous  chloride,  which  is  insoluble  in  water, 
dissolving  in  the  excess  of  metallic  chlorides. 

The  action  of  ferrous  chloride  on  copper  carbonate  was  demon- 
strated by  experiments  of  SchafFner  and  Unger  ^  as  early  as  1862,  whilst 
the  employment  of  ferrous  chloride  as  a  solvent  for  copper  oxide  was 
suggested  some  years  afterwards  in  America  by  Messrs.  Steny  Hunt 
and  James  Douglas.  The  latter  have  founded  their  "Hunt  and 
Douglas  "  process  upon  the  above  reaction,  which  process  has  been 
introduced  in  several  places  in  the  United  States,  but  has  undergone 
notable  modification  in  recent  years. 

^  Berg-  und  HiUtenm.-  Zeitung,  1862,  p.  173. 
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As  only  cupric  oxide  or  carbonates  are  suitable  for  this  process, 
cuprous  oxide  would  first  have  to  be  converted  into  cupric  oxide  by 
ignition  in  the  presence  of  air. 

According  to  the  original  procedure,  the  solvent,  namely  fen-ous 
chloride,  was  produced  from  common  salt  and  green  vitriol,  which  by 
double  decomposition  form  ferrous  chloride  and  sodium  sulphate ;  120 
parts  by  weight  of  salt  were  dissolved  in  1000  of  water  and  280  parts 
of  green  vitriol  added ;  then  another  200  parts  of  salt  were  added. 
After  the  solution  was  separated  from  the  sodium  sulphate,  which 
crj'stallised  out,  it  was  ready  for  use.  The  ground  ore  was  stirred  in 
wooden  tubs  with  the  solution  which  was  heated  up  to  70°  C.  until  the 
copper  was  extracted ;  the  solution  was  then  filtered  to  separate  it 
from  the  residue  and  from  the  precipitated  oxide  of  iron. 

The  filtrate  was  treated  with  iron,  which  both  precipitated  the 
copper  and  reproduced  the  original  solvent.  From  cuprous  chloride 
and  iron,  ferrous  chloride  and  copper  are  formed,  whilst,  when  both 
cupric  and  cuprous  chlorides  are  present  as  in  this  case,  ferric  chloride 
is  first  formed,  thus  : — 

2CuCl2  +  CujClj  +  2Fe  =  FejC\^  +  4Cu. 
Ferric  chloride,  however,  and  iron  react,  producing  ferrous  chloride : — 

Fe^Cle  +  Fe  =  SFeCl^. 

An  action  of  atmospheric  air  upon  the  ferrous  chloride  solution, 
forming  a  precipitate  of  basic  iron  chloride  (iron  oxychloride)  thus: — 

6FeCl2  +  30  =  2Fe2Cle  +  Fe^Os, 

cannot  be  prevented,  although  it  occasions  the  loss  of  some  chlorine, 
as  also  of  some  copper  which  is  mechanically  retained  as  oxide  or 
chloride  by  the  precipitate.  This  loss  of  chlorine  must  be  made  good 
by  the  addition  of  fresh  salt.  Any  silver  that  may  be  present  is  con- 
verted into  chloride  by  the  chloride  of  copper,  and  is  dissolved  in  the 
excess  of  salt.  The  process  was  carried  on  successfully  for  some  time  ^ 
at  the  Ore  Knob  Mine,  Asche  County,  North  Carolina.  The  ore  con- 
taining 11*9  per  cent,  of  copper  was  crushed  and  roasted  in 
reverberatories.  The  calcined  ore  containing  7*75  per  cent,  copper  as 
cuprous  and  cupric  oxides,  039  per  cent,  as  sulphate,  and  376  per 
cent,  as  sulphide,  was  treated  with  leaching  liquor  heated  to  82**  C. 
with  steam,  in  wooden  vats  8  feet  wide  by  8  feet  high.  These  were 
fitted  with  a  stirring  arrangement,  and  with  lids.     After  the  greater 

»  Berg-  und  Huttenm,-  Zeitung,  1873,  p.  362  ;  1876,  p.  257. 
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part  of  the  copper  had  dissolved,  the  liquors  were  run  into  settling 
tanks  10  feet  wide  by  5  feet  high  and  allowed  to  stand  4  hours.  The 
clear  solution  was  then  treated  with  iron  in  vats  12  feet  wide  by  5  feet 
deep.  The  iron  used  weighed  70  per  cent,  of  the  copper  obtained, 
and  this  cement  copper  is  said  to  have  contained  75  to  80  per  cent. 
of  copper. 

The  advantage  of  the  process  lies  in  its  requiring  relatively 
small  quantities  of  iron  for  the  precipitation  of  the  copper,  as  part  of 
the  latter  is  present  in  the  cuprous  state  in  which  it  needs  only  half 
as  much  iron  to  precipitate  it  as  from  a  solution  of  cupric  salt.  The 
objections  to  it  are  the  formation  of  basic  salts,  and  the  difficulty  of 
separating  the  solution  from  the  residue,  on  account  of  the  precipitate 
of  hydrated  oxide  of  iron,  which  clogs  the  filters.  The  removal  of 
silver  is  also  injurious  in  the  case  of  such  ores  as  are  to  be  treated 
for  silver  after  the  copper  has  been  got  rid  of 

To  avoid  these  objections,  the  Hunt  and  Douglas  process  has  been 
altered  as  follows :  the  copper  is  dissolved  out  by  dilute  sulphuric 
acid,  and  ferrous  or  calcium  chloride  is  added  to  the  solution,  when 
cupric  chloride  is  formed ;  if  calcium  chloride  has  been  employed,  a 
precipitate  of  calcium  sulphate  is  thrown  down,  which  must  be 
separated  from  the  solution.  Sulphur  dioxide  is  forced  into  the 
solution,  by  which  the  copper  is  precipitated  as  cuprous  chloride : — 

CuClg  +  CuSO^  +  SO2  +  2HjO  =  CujClg  +  2H2SO,. 

The  cuprous  chloride  is  separated  from  the  solution,  and  treated  with 
iron  or  milk  of  lime  producing  metallic  copper  or  cuprous  oxide  and 
solution  of  ferrous  chloride  or  calcium  chloride.  Into  the  filtrate 
from  the  cuprous  chloride  precipitate,  hot  air  is  blown  by  means  of 
a  Korting's  injector,  which  expels  any  free  sulphur  dioxide  that 
may  be  left  in  it.  The  solution  which  after  this  treatment  consists 
mainly  of  sulphuric  acid  is  again  used  as  a  solvent  for  copper,  whilst  the 
solution  resulting  from  the  precipitation  of  the  copper  by  iron  or  lime, 
and  which  contains  ferrous  chloride  or  calcium  chloride,  is  used  again 
for  the  chlorination  of  copper  in  the  copper  sulphate  solution.  The 
cuprous  oxide  produced  by  treating  cuprous  chloride  with  milk  of  lime 
is  to  be  smelted  with  charcoal  for  metallic  copper. 

This  method  has  the  advantages  that  no  ferric  hydrate  is  formed 
as  m  the  original  Hunt  and  Douglas  process,  that  silver  is  not 
dissolved  by  the  dilute  sulphuric  acid,  and  that  the  precipitation  of 
the  copper,  the  whole  of  which  is  present  in  the  cuprous  state,  requires 
a  relatively  very  small  quantity  of  iron.  The  precipitated  copper 
is,  moreover,  said  to  be  very  pure.     This  process  is  not  used  for  ores 
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but  has  been  introduced  at  Kansas  City,  Missouri,  for  the  extraction  of 
copper  from  calcined  argentiferous  lead  and  copper  mattes.  According 
to  Nixon,^  lead,  gold,  and  silver-bearing  mattes  are  calcined,  at  the 
Arkansas  Valley  Smelting  Works,  Argentine,  at  so  low  a  temperature 
that  oxide  and  sulphate  of  copper  are  produced  without  any  silver 
sulphate  being  formed.  The  calcined  mattes  are  lixiviated  with  weak 
sulphuric  acid,  the  copper  going  thereby  into  solution,  the  gold,  silver 
and  lead  remaining  insoluble.  Addition  of  calcium  chloride  to  the 
solution  converts  the  copper  to  chloride  and  calcium  sulphate  is 
thrown  out  of  solution.  The  solution  of  copper  chloride  is  then 
treated  with  sulphur  dioxide,  which  precipitates  the  copper  as  cuprous 
chloride,  and  the  latter  on  addition  of  milk  of  lime  is  converted  into 
cuprous  oxide,  calcium  chloride  being  formed  at  the  same  time.  The 
cuprous  oxide  is  reduc^ed  to  copper,  and  the  calcium  chloride  can  be 
used  for  treating  a  fresh  lot  of  copper  sulphate.        * 

Details  of  the  practical  working  of  this  process  are  not  available. 

At  Deva  in  Siebenburgen  *  a  process  with  ferrous  chloride  as  the 
solvent,  but  differing  from  the  Hunt  and  Douglas  process,  has  been 
used  according  to  Hauch  for  ores  containing  malachite  with  2  per  cent. 
of  copper.  The  ore  was  stamped  fine,  and  charged  in  12  cwt.  lots 
upon  the  perforated  false  bottom  of  a  vat,  upon  which  it  was  spread 
out.  So  much  cold  ferrous  chloride  solution  was  then  run  in  as  to  stand 
8  inches  above  the  top  of  the  layer  of  ore.  The  ore  was  continually 
turned  over  whilst  the  solution  was  allowed  to  run  off  from  the  true 
bottom  of  the  vats,  and  continually  poured  back  again  for  a  period  of  3 
hours.  Then  26  lbs.  hydrochloric  acid  of  20°  B.  were  added  and  allowed 
to  act  for  24  hours,  with  constant  circulation,  upon  the  ore,  which  was 
meanwhile  repeatedly  turned  over.  By  this  means  the  copper  was 
dissolved  out  of  the  ores  down  to  012  per  cent.  The  precipitation 
was  performed  by  means  of  iron.  This  process  is  not,  however,  free 
from  the  objections  pointed  out  above. 

At  Rochlitz  in  the  Riesengebirge  fruitless  attempts  were  made 
in  the  fifties  of  the  present  century  to  extract  copper  from  sandstone 
contaimng  azurite  and  malachite  by  means  of  ferrous  chloride. 

When  copper  ores  containing  lime  are  being  treated,  there  is  the 
difficulty  to  be  contended  with  that  ferrous  chloride  and  calcium  car- 
bonate, in  the  presence  of  air,  are  decomposed  into  calcium  chloride 
and  ferric  hydrate. 

'  NoUs  on  Lead  and  Copper  Smelting,  1897,  p*  15. 

»  OeMerr,  ZeiUch.  1876,  p.  489.     Berg-  und  HiUUnm.-  Ztg.  1877,  p.  308. 
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LixivicUion  vjith  other  Solvents 

Ammonium  carbonate  can  be  used  on  ores  whose  gangues  are  at- 
tacked by  acids,  for  instance,  calcareous  ores  containing  carbonate  of 
copper.  In  this  case,  however,  no  sulphates  may  be  present,  because 
they  are  decomposed  by  ammonium  carbonate,  producing  ammonium 
sulphate  and  calcium  carbonate.  Experiments  hitherto  tried  in  this 
direction  have  failed  because  ammonia-tight  vessels  were  not  em- 
ployed, and  because  the  precipitation  of  the  copper,  for  which  iron 
cannot  be  employed,  was  performed  by  means  of  sulphuretted  hydro- 
gen, sulphide  of  calcium,  or  sulphide  of  barium.  By  the  use  of  iron 
vessels,  however,  loss  of  animonia  may  be  avoided ;  the  copper  can  be 
obtained  as  oxide  by  distilling  off  the  ammonia,  which  can  thus  be 
recovered.  Hyposulphite  of  sodium  has  been  proposed  by  Strohmeyer 
for  the  solution  of  copper  carbonate,  the  copper  to  be  precipitated  by 
means  of  sulphide  of  sodium.  On  account  of  the  ready  decom- 
posability  of  the  solvent,  and  the  retardation  of  solution  in  the  pre- 
sence of  lime,  this  method  has  not  come  into  use. 

Ferric  sulphate  is  not  employed  by  itself,  but  only  in  combination 
with  sulphuric  acid.  It  is  contained  in  the  mother-liquor  after  copper 
has  been  precipitated  by  iron  from  a  solution  of  sulphate,  which 
mother- liquor  is  used,  after  green  vitriol  has  been  crystallised  from  it, 
together  with  fresh  sulphuric  acid  as  a  leaching  agent.  It  acts  both 
in  virtue  of  the  free  sulphuric  acid  and  of  the  ferric  sulphate  which 
it  contains.  Ferrous  sulphate,  too,  will  dissolve  cupric  oxide  with 
the  separation  of  basic  ferric  sulphate. 

The  action  of  ferric  sulphate  is  the  following  : — 

Fe203,3S03  +  CuO  =  CuSO^ + Fe203,2SOs. 

b.  Precipitation  of  the  Copper.  The  copper  may  be  in  solution 
as  sulphate,  as  cupric  or  as  cuprous  chloride.  The  precipitant  that 
should  generally  be  used  for  such  solutions  is  metallic  iron.  It  is  also 
used  for  solid  cuprous  chloride,  thrown  down  as  previously  explained. 

Other  precipitants,  which  may  be  exceptionally  employed  (where 
iron  is  not  to  be  had  or  is  very  expensive)  are  sulphuretted  hydrogen 
or  aqueous  solutions  of  sulphides,  which  precipitate  copper  as  sulphide, 
as  also  milk  of  lime  for  cupric  chloride  solution,  and  for  cuprous 
chloride  in  solution  or  solid.  Milk  of  lime  precipitates  cupric  hydrate 
from  cupric  chloride,  and  cuprous  oxide  from  cuprous  chloride ;  it  also 
throws  down  copper  as  cupric  hydrate  from  a  solution  of  the  sulphate, 
but  the  precipitate  is  mixed  with  sulphate  of  lime,  which  is  simul- 
taneously formed.     The  precipitates  of  hydrate  formed  by  milk  of 
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lime  are  very  voluminous  and  troublesome  to  smelt.  Up  to  now  the 
precipitation  of  copper  as  sulphide  (see  page  284),  as  hydrate  or  as 
suboxide,  has  in  no  case  come  into  regular  use. 

For  the  precipitation  of  copper  by  iron,  it  is  desirable  that  the 
solution  should  contain  as  little  free  acid  or  ferric  salts  as  possible, 
otherwise  a  large  quantity  of  iron  is  dissolved  without  contributing 
to  the  precipitation  of  the  copper.  Theoretically,  to  precipitate  100 
parts  by  weight  of  copper  from  cupric  sulphate  or  chloride  solution, 
888  parts  of  iron  are  required,  but  from  a  solution  of  cuprous  chloride 
or  from  the  solid  salt,  only  44*4  parts.  In  practice,  however,  the  con- 
sumption of  iron  is  considerably  greater,  because  solutions  cannot 
be  kept  free  from  acids  and  ferric  salts.  When  these  are  present  in 
large  quantity,  the  consumption  of  iron  may  rise  to  200  or  300  parts 
to  100  of  copper,  especially  in  the  case  of  sulphate  solutions  con- 
taining iron.  The  ferrous  sulphate  by  prolonged  contact  with  the  air 
is  decomposed  into  free  sulphuric  acid  and  ferric  sulphate;  the 
former  dissolves  iron,  and  the  latter  takes  it  up,  forming  ferrous 
sulphate. 

Ferric  chloride  contained  in  hydrochloric  acid  solutions  takes  up 
iron,  forming  ferrous  chloride. 

An  especial  disadvantage  attending  the  formation  of  basic  salts  is 
that  these  render  the  precipitated  copper  or  "  cement  copper "  im- 
pure. It  is  therefore  necessary  to  get  rid  as  far  as  possible  of  acids 
and  ferric  salts  before  the  precipitation,  and  to  conduct  the  latter  as 
rapidly  as  possible. 

The  best  method  of  eliminating  free  acids  or  of  preventing  the 
formation  of  basic  salts  is  to  continue  the  action  of  the  solutions  on 
the  ores  till  the  former  are  completely  neutral,  and  then  at  once  to 
proceed  to  the  precipitation  of  the  copper.  Further,  the  neutralisa- 
tion of  free  acids  by  lime,  the  previous  separation  of  basic  iron  salts 
by  heating  the  solution,  and  the  reduction  of  ferric  to  ferrous  sulphate 
by  sulphur  dioxide  have  all  been  proposed,  but  have  only  found  a 
very  limited  application.  At  the  Tharsis  works  in  Spain,  the  ferric 
sulphate  in  solution  is  reduced  by  allowing  the  liquors  to  trickle 
through  uncalcined  ore  smalls.^ 

Turbid  solutions  must  be  allowed  to  clear  in  special  settling  tanks 
before  precipitation.  If  the  solutions  contain  silver,  the  latter  is  first 
precipitated  by  copper,  iodide  of  potassium,  sulphuretted  hydrogen, 
or  by  blowing  iron  dust  into  the  solution. 

Various  proposals  have  also  been  made  for  the  removal  of  arsenic 
and  antimony  (which  bodies  are  also  precipitated  by  iron)  from  the 

'  Coartney,  Proc.  Inst.  Civil  Eng,  vol.  cxxv.,  1895-6,  Pt.  111. 
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solution,  but  none  of  these  have  been  found  suflSciently  perfect  to  be 
adopted.  According  to  Down,^  arsenic  and  antimony  are  only  precipi- 
tated by  iron  from  strongly  acid,  but  not  from  feebly  acid  solutions. 
According  to  Kingzett  and  Lunge,^  as  also  Gibb,  they  are  on  the  other 
hand  said  to  be  precipitated  completely,  the  precipitate  having  a 
composition  similar  to  that  of  Scheele's  Green. 

Iron  is  used  in  the  form  of  wrought-iron,  pig-iron,  iron  sponge, 
and  iron  bears.  Pulverulent  iron  in  the  form  of  ground  sponge  acte 
most  rapidly,  then  follow  iron  turnings  and  sheet-iron  (clippings 
from  sheet  mills  and  button  makers).  Bar-iron  yields  a  coarse-grained 
cement  copper,  with  but  little  coherence ;  grey  pig-iron,  which  acts 
faster  than  white,  gives  a  more  pulverulent  precipitate,  whilst  white 
iron  throws  down  coherent  masses.  The  graphite  in  the  pig-iron 
separates  out  during  precipitation  and  renders  the  cement  copper 
impure. 

Clippings  of  tin  plate  can  also  be  used  to  precipitate  copper;  if 
the  latter  is  in  solution  as  chloride,  the  tin  can  be  separated  as 
oxide.* 

Precipitation  of  copper  is  facilitated  by  heating  the  solution,  stir- 
ring it,  and  presenting  the  largest  possible  surface  of  iron,  for  which 
reason  the  latter  is  best  in  the  form  of  powder. 

The  solution  may  be  heated  direct  by  allowing  a  flame  to  impinge 
upon  the  liquid  or  by  leading  steam  into  it,  or  indirectly  by  allowing 
the  heated  products  of  combustion  or  steam  to  circulate  through 
pipes  in  the  precipitating  vats. 

The  liquor  may  be  stirred  by  means  of  special  apparatus  in  the 
vats  or  by  revolving  the  closed  vats,  or  by  blowing  air  into  the  liquid, 
or  by  allowing  the  solution  to  run  through  a  series  of  troughs  placed 
stepwise,  one  below  the  other.  The  precipitating  vessels  are  tanks, 
troughs,  or  vats  of  wood,  often  lead-lined.  The  precipitation  of  copper 
is  complete  when  the  bright  surface  of  a  piece  of  iron  dipped  into 
the  solution  is  no  longer  coated  with  a  film  of  copper. 

In  Stadtberge  the  precipitation  of  copper  from  the  hydrochloric 
acid  solution  takes  place  in  a  cylindrical  vat  about  which  clay  is 
rammed.  Inside  it  there  is  a  second  cylinder  open  at  both  ends, 
made  of  wooden  slats,  which  is  connected  with  the  outer  vat  by 
means  of  a  horizontal  grid  consisting  of  radially  disposed  wooden 
slats.  In  the  inner  cylinder  is  a  vertical  shaft  carrjdng  a  wooden 
stirring  vane.  The  iron  used  for  precipitation  is  piled  on  the  grid 
between  the  walls  of  the  vat  and  the  inner  cylinder. 

1  Dingier^  Journal,  224,  195.  »  Ibid,  219,  330. 

»  Btrg-  und  HiUtenm,-  Ztg.,  1877,  p.  366. 
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The  shaft  is  driven  by  gearing,  and  the  vane  revolving  drives  the 
solution  agaizist  the  iron,  thus  washing  down  the  copper  deposited  on 
the  latter  to  the  bottom  of  the  vat,  whence  it  is  removed  from  time 
to  time. 

The  arrangement  of  this  effective  contrivance  is  shown  in  Fig.  224. 
f!  is  the  inner  lattice-work  cylinder,  r  the  hori- 
zontal grid,  and  z  the  bottom  of  the  vat. 

At  Stadtberge  127  parts  by  weight  of  iron 
were  required  to  precipitate  100  parts  of  copper 
from  the  solution  of  chlorides.  In  the  old  Hunt 
and  Douglas  process  60  to  70  parts  of  iron  were 
consumed,  and  still  leas — about  50  parts — in  the 
newer  process.     The  greatest  consumption  is  in  n.  -  ■ 

precipitating  copper  from  solutions  of  sulphates  when   it  amounts 
to  200  to  300  parts  for  each  100  of  copper. 

The  products  of  precipitation  with  iron  are  cement  copper  and 
mother-liquors.  The  former  is  a  mixture  of  metallic  copper  with 
basic  salte  of  iron,  particles  of  iron,  graphite,  and  perhaps  also  silica, 
antimcmy,  arsenic  and  ferric  arseniate.  It  is  washed  as  clean  as 
possible  from  these  impurities,  and  either  smelted  for  coarse  copper 
when  it  is  impure,  or  else  refined  direct.  (Sec  treatment  of  cement 
copper,  page  326.)  The  mother-liquors  contain  chiefly  sulphate  or 
chloride  of  iron.  The  sulphates  are  in  part  used  for  the  manufactnre 
of  green  vitriol  by  evaporation  and  allowing  the  green  vitriol  to 
crystallise  out,  and  in  part  used  again  as  solvents.  The  chlorides 
are  partly  used  again  as  solvents  for  copper,  being  first  reduced  by  the 
mctJiod  of  Hunt  and  Douglas. 

2,  THE  EXTRACTION  OF  COPPER  FROM  ORES  WHICH  CONTAIN  IT  IN 
THE  FORM   OF  SULPHATES 

Copper  existing  as  sulphate  is  dissolved  in  water  and  then 
precipitated  by  means  of  iron.  Very  often  copper  is  found  dissolved 
in  mine  waters  (cement  waters),  and  then  only  needs  to  be 
precipitated. 

The  lixiviation  of  the  sulphate  is  performed  in  wooden  vats  or  in 
tanks  of  wood  or  masonry,  or  else  in  loose  heaps  lying  upon  a  floor  of 
stamped  clay  or  loam.  Wooden  tanks  are  either  surrounded  with 
clay  or  their  joints  are  made  tight  with  tarred  hemp  or  red  lead ; 
masfHuy  tanks  are  coated  inside  with  asphalte  or  cement.  Above  the 
bottom  of  the  leaching  vessel  there  is  a  false  bottom  of  slats  or  of 
perforated  planks  or  acid-proof  slabs  of  stone  with  open  joints  between 
them.     Upon  this  false  bottom  a  filter  of  straw,  brushwood,  heather, 
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or  coke  is  arranged,  and  upon  this  the  ore  is  dumped.  Water 
is  poured  over  it,  which,  in  percolating  through  the  ore,  takes  up  the 
sulphate  of  copper  and  passes  through  the  filter  and  the  false  bottom 
to  the  bottom  of  the  tank.  This  bottom  has  a  gentle  slope,  so  that 
the  liquid  runs  over  it  through  an  open  gutter  or  through  a  wooden 
or  leaden  pipe.  An  indiarubber  pipe  that  can  be  closed  by  clamps 
may  also  be  employed. 

Leaching  tanks  are  best  arranged  on  one  level ;  the  leaching  is 
performed  by  causing  the  solutions  to  circulate,  and  as  already 
pointed  out,  letting  fresh  water  flow  on  to  almost  exhausted  ore,  and 
nearly  saturated  solution  upon  fresh  ore.  The  process  of  BuflF-Dunlop, 
for  producing  automatic  circulation  in  the  lixiviation  of  crude  soda, 
cannot  be  applied  here  because  the  mass  is  not  suflSciently  porous. 
The  solutions  are  best  allowed  to  run  into  receiving  tanks,  whence  by 
means  of  injectors,  pumps,  elevators,  &c.,  they  are  lifted  either  direct 
on  to  the  ore  fnasses  to  be  further  leached,  or  into  high-level  tanks, 
whence  they  are  distributed  to  the  leaching  tanks. 

The  copper  is  precipitated  by  iron  in  the  manner  already 
explained. 

Sulphuretted  hydrogen  is  but  rarely  used,  and  only  in  such  places 
where  iron  cannot  be  readily  obtained.  It  is  best  generated  by  lead- 
ing sulphur  dioxide  and  water  vapour  over  red-hot  coke  or  charcoal. 
For  this  purpose  the  gases  produced  in  calcining  sulphides  in  pyrites 
burners  or  kilns  are  aspirated  by  means  of  a  Korting's  injector,  and 
forced  together  with  the  steam  from  the  injector  through  a  shaft 
furnace  filled  with  glowing  charcoal  or  coke.  The  sulphur  dioxide 
is  reduced  to  sulphur  by  the  carbon,  the  water  vapour  forms  with  the 
red-hot  carbon,  hydrogen  and  carbon  monoxide,  and  the  hydrogen 
and  sulphur  combine  to  form  sulphuretted  hydrogen.  The  coke  or 
charcoal  are  kept  red-hot  by  injecting  a  stream  of  air  from  time  to 
time  as  in  the  production  of  water-gas. 

A  method  devised  by  Binding  depends  upon  the  action  of  sulphur 
vapour  on  hydrocarbons  and  hydrogen,  another  on  the  decomposition 
of  sulphide  of  sodium  by  carbon  dioxide. 

Binding  generates  producer-gas  with  raw  fuel,  and  leads  it  over 
red-hot  pyrites ;  by  the  action  of  the  hydrocarbons  and  the  hydrogen 
contained  in  the  producer-gas  upon  the  sulphur  evolved  frx>m  the 
pyrites,  sulphuretted  hydrogen  is  formed,  and  is  made  to  traverse  a 
chamber  in  which  the  cupriferous  solution  is  dropping  down  in  the 
form  of  fine  rain.  Gill  and  Gelstharp  in  England  have  produced 
sulphuretted  hydrogen  by  the  action  of  carbon  dioxide  on  sodium 
sulphide. 
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More  recently  the  method  of  Chance  has  been  used,  which  con- 
sists in  the  treatment  of  residues  from  the  Leblanc  soda  manufacture 
with  carbon  dioxide. 

Precipitated  sulphide  of  copper  (CuS)  is  separated  from  the 
solution  in  filter-presses  and  is  either  roasted  by  the  English  re- 
verberatory  method  or  is  converted  by  a  blast  of  hot  air  into  copper 
oxide  and  then  smelted  for  coarse  copper  or  refined  copper. 

As  far  as  the  author  knows,  this  method  of  precipitation  has 
been  abandoned  at  Foldal  (Norway)  and  Rio  Tinto  (Spain),  where 
it  was  formerly  in  use.  It  was  used  in  England  at  Swansea  and  at 
the  Bede  metal  works. 

As  already  stated,  milk  of  lime  is  not  suitable  for  precipitating 
sulphate  solutions. 

Mine  waters  containing  sulphate  of  copper,  known  as  cement 
waters,  are  run  through  one  or  more  systems  of  troughs,  inclined  at  an 
angle  of  about  10°,  arranged  stepwise  one  beneath  the  other,  filled  with 
iron.    The  water  escapes  free  from  copper  from  the  bottom  trough. 

At  Schmollnitz,  Hungary,  copper  is  obtained  from  mine  waters. 
Iron  rods  are  there  arranged  in  gratings  in  the  troughs;  to  pre- 
cipitate the  last  portions  of  copper,  after  the  solution  leaves  the  last 
trough,  it  runs  through  vertical  boxes  in  which  it  falls  upon  iron. 
The  precipitation  is  promoted  by  the  impact  of  the  solution  upon 
the  iron.  Cement  copper  with  more  than  55  per  cent,  of  copper  is 
refined,  whilst  with  less  percentage  it  is  added  to  the  charge  of 
calcined  matte,  which  is  smelted  for  black  copper  in  shaft  furnaces. 
The  most  impure  cement  copper,  with  under  15  per  cent,  copper,  is 
added  to  calcined  copper  pyrites  to  be  smelted  for  matte.  (Ad- 
ditional information  on  the  extraction  of  copper  from  sulphate 
solutions  will  be  found  on  page  318). 

3.  THE  EXTRACTION  OF  COPPER  FROM  ORES  THAT  CONTAIN  IT  AS 

SULPHIDE 

As  already  pointed  out,  copper  that  exists  as  sulphide  must  first 
be  brought  into  a  condition  in  which  it  can  be  treated  with  cheap 
solvents. 

We  have  accordingly  to  distinguish : 

(or)  Transforming  the  copper  into  a  form  suitable  for  solution. 
(6)  Dissolving  out   the   copper  from  ores  and  furnace  pro- 
ducts. 

(c)  Precipitating  the  copper  from  its  solution. 

(d)  Converting  the  cupriferous  precipitate  into  merchantable 

copper. 
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a,    TRANSFORMATION     OF     THE    COPPER     INTO    A     FORM     SUITABIi: 

FOR  SOLUTION 

The  sulphide  of  copper  may  be  converted  into  sulphate,  oxide,  or 
chloride,  in  order  to  render  it  readily  soluble.  The  sulphate  may  be 
dissolved  in  water,  the  oxide  in  hydrochloric  and  sulphuric  acids  and 
in  metallic  chlorides,  cupric  chloride  in,  water,  and  cuprous  chloride  in 
hydrochloric  acid  and  solutions  of  metallic  chlorides. 

The  Transformation  of  Sulphide  of  Copper  into  Stdphate 

This  can  be  brought  about  by : — 

1.  Weathering  of  the  ore. 

2.  Slow  calcination. 

3.  Calcination  with  sulphate  of  iron  or  other  easily  decom- 

posable sulphates. 

4.  Heating  the  ore  with  nitrate  of  iron. 

5.  Treating  the  ore  with  solution  of  ferric  sulphate. 

Weathering  the  Ore 

This  method  can  only  be  employed  without  previous  calcination 
in  the  case  of  such  ores  as  are  specially  prone  to  rapid  decomposition, 
as  is  the  case  with  cupriferous  marcasite.  Such  ores  are  collected  in 
heaps  upon  a  floor  of  clay,  and  are  left  exposed  for  a  considerable 
period  to  the  action  of  the  weather.  Sulphates  of  copper  and  of  iron 
are  leached  out.  By  repeated  leaching  and  by  pouring  over  them 
the  acid  mother-liquors  containing  ferric  sulphate,  which  are  left 
when  the  copper  is  precipitated  from  the  liquors,  decomposition  is 
promoted,  because  these  liquors  decompose  sulphide  of  copper  as 
follows : — 

icHjjSO,  +  Cu,S  +  2Fe2(SO,)3  =  2CUSO4  +  4FeS04  +  S+  a;HjSO,. 

It  is,  however,  very  difficult,  in  most  cases  even  impossible,  to 
convert  the  whole  of  the  copper  into  sulphate  within  any  reasonable 
time.  Generally  a  considerable  number  of  years  is  required  to  obtain 
even  a  moderate  proportion  of  the  copper  in  the  form  of  sulphate. 

Although  this  method  of  forming  sulphate  is  cheap,  it  is  only 
used  exceptionally,  because  the  capital  invested  in  the  ore  lies  un- 
productive for  too  long,  and  because  the  extraction  of  copper  is  im- 
perfect. But,  as  before  said,  sulphate  of  copper  that  has  been  formed 
in  the  mine  and  dissolved  in  mine  waters  is  utilised  as  a  source  of 
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copper.    Weathering  is  also  employed  as  an  auxiliary  in  the  calcining 
process. 

The  weathering  of  pyritic  ores  with  1  to  15  per  cent,  of  copper  is 
at  present  carried  out  at  Tharsis  in  Spain ;  in  fact  this  method  has 
supplanted  the  calcination  method,  and  has  been  resorted  to  in  order 
to  obviate  the  noxious  fumes  given  off  in  calcination.^  The  ores  are 
crushed  so  that  45  per  cent,  passes  through  an  inch  sieve  (only  10  per 
cent,  over  two  inches  is  left  in  this  process),  and  are  then  formed  into 
large  heaps  38  feet  high.  These  stand  on  a  network  of  flues  built  of 
dry  stone,  which  serve  as  air  flues,  and  as  troughs  to  carry  off  the 
liquors.  Little  shafts  are  left  in  building  the  heaps,  whereby  the 
temperature  of  the  mass  may  be  regulated.  The  weathering  action 
depends  to  a  large  extent  on  the  temperature.  Experience  has  shown 
that  it  should  not  exceed  49"*  C,  and  that  under  22°  C.  the  action 
takes  place  too  slowly. 

The  weathering  action  is  promoted  by  occasionally  watering  the 
heaps.  Three  months  after  watering  has  been  begun,  the  tem- 
perature rises  appreciably,  and  in  six  months  it  has  reached  the 
highest  point  allowable.  It  sinks  as  the  copper  becomes  leached 
out.  For  ores  of  the  above  composition,  45,  20  and  10  per  cent,  of  the 
copper  is  leached  out  in  three  successive  years.  The  remainder  of  the 
copper  can  be  extracted  on  long  standing,  though  how  long  is  needed 
is  not  determined.  The  extraction  of  the  copper,  iron,  sulphur, 
etc.,  in  the  three  years  causes  the  heap  to  lose  23  per  cent,  of  its 
weight ;  the  residue  is  still  of  value  owing  to  its  sulphur  content.  To 
faeiUtate  lixiviation  the  surface  of  the  heap  is  grooved  with  narrow 
channels  made  in  ore  fines.  The  liquors  collect  into  one  main  channel 
and  flow  on  to  a  filter  of  ore  smalls  (obtained  by  sieving  ores  for  ex- 
portation). A  great  deal  of  the  ferric  sulphate  is  reduced  to  ferrous 
sulphate  during  the  filtering.  The  composition  of  the  liquor  before 
and  after  filtering  is  given  in  the  following  table : — 

Before  filtration  After  filtration 

(grains  per  gallon).        (grains  per  gallon). 

Cu 210-3  273-4 

Fe  (ferrous) 1225-3  1421 

Fe  (ferric) 173  36-5 

SO, 1296-9  1366-9 

As 11-22  11-22 

In  the  first  year  400  gallons  of  water  per  ton  of  ore  are  used,  in 
the  second  year  220  gallons,  and  in  the  third  year  110  gallons  per  ton. 

>  Courtney,  Proc.  IwtL  Civil  Eng,  vol.  cxxv.  1895-6,  Pt.  111. 
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Besides  these  ores  cupriferous  schists  are  submitted  to  weathering 
in  heaps,  without  previous  crushing.  The  heaps  are  first  moistened  with 
acid  mine  water,  or  with  mother-liquor  from  the  copper  precipitation, 
then  after  three  months  with  fresh  water.  The  extraction  is  carried 
on  down  to  01  per  cent,  of  copper.  The  liquor  obtained  from  the 
schists  is  not  so  rich  in  ferric  sulphate  as  that  from  the  pyritic  ores, 
and  hence  does  not  need  to  remain  so  long  in  contact  with  the  ore 
smalls.  Although  the  amount  of  copper  in  solution  seldom  exceeds 
140  grains  per  gallon,  yet  precipitation  yields  a  cement  copper  free 
from  arsenic,  and  containing  87  per  cent,  of  pure  metal. 

The  Frodttction  of  Sulphate  of  Copper  by  slow  Calcination 

The  production  of  sulphate  by  slow  calcination  can  only  be  used 
for  ores  that  contain  proportionately  large  amounts  of  iron  pyrites 
and  small  amounts  of  copper  pyrites.  Unless  sulphates  are  added, 
an  even  tolerably  satisfactory  proportion  of  sulphate  of  copper  can 
only  be  produced  bj'  calcining  in  heaps  or  stalls.  By  the  relatively 
rapid  methods  of  calcining  in  furnaces,  too  large  a  proportion  of  oxide 
of  copper  is  formed  as  compared  with  sulphate.  But  even  slow 
calcination  in  heaps  or  stalls  will  not  convert  all  the  sulphide  of 
copper  into  sulphate;  a  part  always  remains  unaffected,  whilst 
another  part  is  transformed  into  oxides.  In  order  to  extract  as  much 
copper  as  possible  from  the  ores,  after  the  calcination  has  been  finished 
and  the  sulphate  of  copper  thus  formed  has  been  leached  out,  the 
ores  are  allowed  to  weather,  whereby  in  the  course  of  time  the  copper 
is  converted  into  sulphate ;  or,  provided  there  is  sufficient  copper  in 
the  ore,  the  calcination  is  so  conducted  that  the  sulphide  of  copper 
shall  be  concentrated  in  a  kernel,  whilst  the  sulphate  remains  in  the 
porous  crust  consisting  chiefly  of  oxide  of  iron.  The  kernels  obtained 
by  this  kernel-roasting  are  worked  up  in  the  dry  way,  whilst  the 
sulphate  of  copper  is  leached  out  of  the  crusts. 

The  production  of  sulphate  by  calcination,  without  the  forma- 
tion of  kernels,  followed  by  weathering  of  the  leached  calcined 
ore,  is  used  at  Rio  Tinto,  in  the  province  of  Huelva,  in  Spain. 
The  ores  thus  treated  are  cupriferous  pyrites  with  1|  to  2  per 
cent,  of  copper;  these  are  slowly  calcined  in  heaps  of  200  to  4,500 
tons  upon  a  bed  of  brushwood,  firewood,  or  coals.  The  200  ton 
heaps  are  hemispherical,  26  feet  in  diameter  at  the  base  and  11 
feet  6  inches  high.  The  larger  1,500  ton  heaps  are  elliptical 
in  plan,  the  longer  axis  of  the  ellipse  being  55  feet  9  inches,  and 
the   shorter  axis  32  feet  10  inches ;   their  height  is  also  11  feet 
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6  inches.  Air  is  admitted  by  means  of  a  system  of  channels  traversing 
the  heaps.  The  smaller  heaps  burn  for  2  months,  the  larger  ones 
for  6.  To  calcine  100  tons  of  ore  requires  in  the  small  heaps  27 
cubic  feet  of  wood  and  in  the  larger  ones  9  cubic  feet.  The  yield  of 
copper  is  greater  in  the  small  heaps  than  in  the  large  ones.  The 
calcined  ores  are  leached  for  50  hours  in  the  manner  described  on 
page  283,  by  which  means  the  copper  present  as  sulphate  is  washed 
out  from  them.  The  exhausted  residues  still  contain  0*4  to  0*5  per 
cent,  of  copper,  chiefly  as  sulphide,  to  extract  which  the  ores  are 
allowed  to  weather.  With  this  object  they  are  so  piled  on  a  system 
of  horizontal  flues  built  of  dry  stone,  and  connected  with  vertical 
flues  8  inches  in  diameter,  also  built  of  dry  stone,  that  air  can  circulate 
through  the  pile  of  ore.  The  vertical  flues  are  continued  in  proportion 
as  the  heap  gets  higher  by  the  piling  on  of  additional  ore.  As  soon 
as  the  damp  heap  has  reached  a  certain  height,  the  sulphides  begin 
to  decompose,  as  is  shown  by  the  temperature  rising.  By  checking 
the  air  supply  it  is  kept,  if  possible,  from  rising  so  high  that  the  heap 
takes  fire.  From  time  to  time,  the  heap,  or  a  portion  of  it,  if  it  is 
a  large  one,  is  leached  out,  and  the  liquor  conducted  to  the  precipi- 
tating vessels.  The  exhaustion  of  the  heaps,  which  are  continually 
being  increased  and  may  reach  500,000  tons,  will  not  be  completed 
in  measurable  time,  as,  in  spite  of  frequent  leaching,  the  weathering 
proceeds  very  slowly.  It  is  even  held  that  these  huge  heaps  will 
still  be  producing  sulphate  of  copper  long  after  the  mines  shall  have 
been  worked  out. 

At  the  foot  of  the  large  heaps,  smaller  piles  of  raw  ore  are  also 
constructed,  which,  when  they  are  thoroughly  alight,  are  covered 
with  calcined  and  raw  ores.  They  are  moistened  to  promote  leaching 
as  &r  as  possible. 

With  the  object  of  simplifying  the  complete  conversion  of  the 
copper  into  sulphate,  it  has  been  proposed  to  do  away  with  the 
method  of  leaching  in  special  vats  to  be  presently  described,  and  to 
calcine  the  ore  in  smaller  heaps  on  the  above  described  system  of 
flues ;  then  to  spread  out  the  roasted  ores,  to  build  a  second  heap  on 
this  layer,  to  calcine  that,  spread  it  out  in  turn,  and  so  on.  The 
layers  of  ore,  thus  spread  out,  are  leached  from  time  to  time.  It  is, 
however,  to  be  feared  that  leaching  in  heaps  would  be  neither  as 
rapid  nor  as  efiective  as  leaching  in  vats,  and  that  the  complete 
extraction  of  the  copper  might  therefore  be  still  further  delayed.^ 

At  Kedabeg  in  the  Caucasus,^  sulphide  ores  averaging  3  per  cent. 

1  Knab,  Traits,  de,  MiixdlurQxt,  p.  146. 

2  G.  Kolle,  Tht  Mineral  Industry,  1898,  p.  246, 
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of  copper  are  calcined  in  kilns  and  Gerstenhofer  furnaces,  a  great  deal  of 
the  copper  passing  into  sulphate  thereby.  Weathering,  and  leaching 
out  with  ferrous  sulphate  liquors  obtained  from  the  electrolytic  and 
the  precipitation  processes,  brings  about  the  conversion  of  the  rest  of 
the  copper  into  sulphate.  The  liquors  flow  on  to  a  sloping  im- 
permeable floor.  From  50  to  70  per  cent,  of  the  copper  is  extracted 
in  the  first  year.  Many  years  working  is  needed  to  bring  the  copper 
content  down  to  0*5  to  07  per  cent. 

The  production  of  sulphate  with  the  simultaneous  production  of 
kernels,  or  kernel-roasting,  is  only  applicable  to  ores  free  from  gangue 
and  which  do  not  decrepitate.  It  has  been  fully  described  on  page 
36.  It  was  used  at  Agordo  (Venice),  Foldal  (Norway),  Eedabeg 
(Caucasus),  and  Wicklow  (Ireland),  but  has  been  given  up  for  reasons 
already  enumerated. 

The  Production  of  Sulphate  of  Copper  by  Calcining  Ores  vnth 
Stdphate  of  Iron  or  Other  Eeadily  Decomposable  Sulphates 

By  calcining  finely  ground  pyritic  chalcopyrite  poor  in  copper, 
intimately  mixed  with  sulphate  of  iron,  it  is  possible  to  convert  the 
greater  part  of  the  copper  into  sulphate.  Sulphate  of  alumina  acts 
like  sulphate  of  iron,  and  according  to  Monnier  an  addition  of  sul- 
phate of  soda  also  promotes  the  formation  of  sulphate  of  copper. 

The  formation  of  sulphate  by  the  aid  of  green  vitrol  or  of  the 
mother  liquors,  resulting  from  the  precipitation  of  copper  from 
solutions  of  its  sulphate  by  means  of  iron,  is  best  carried  out  by 
means  of  heap-roasting.  Reverberatory  furnaces  are  seldom  used, 
because  the  quantity  of  sulphate  formed  is  less  on  account  of  the 
more  rapid  calcination.  Reverberatory  furnaces  have  been  used  to 
obtain  sulphate  of  copper  from  copper  matte  with  the  addition  of 
sulphate  of  soda,  or  from  copper  speiss  with  the  addition  of  iron 
pyrites,  but  they  have  only  been  employed  quite  exceptionally  for 
the  direct  production  of  sulphate  of  copper  from  ores.  Reverberatory 
furnaces  were,  however,  used  in  conjunction  with  stalls  at  Balan  in 
Siebenbiirgen. 

Simple  heap-roasting  has  been  used  with  good  results  at  Agordo 
in  the  Venetian  Alps  and  at  Majdanpec  in  Servia.  At  Agordo,  the 
mine  fines  (iron  pyrites  with  1  to  2  per  cent,  of  copper)  were  crushed 
fine,  made  into  a  stiff  paste  with  mother  liquors  containing  sulphate 
of  iron  produced  in  precipitating  the  copper,  and  which  had  a  densitv 
of  26°  to  30°  B.,  and  then  pressed  in  brass  moulds  into  tnmcated 
Qonical  lumps  3  inches  high  and  4  inches  across  at  the  base.     These 
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lumps  were  air-dried  for  3  weeks,  and  then  built  into  heaps.  The 
heaps  were  covered  with  mine  smalls,  over  which  was  a  covering 
of  exhausted  crusts  from  kernel  roasting.  When  dry  crusts  were 
available  they  were  used  to  cover  small  heaps  without  the  layer  of 
mine  smalls.  If  the  latter  were  replaced  by  damp  crusts,  the  upper 
layers  of  lumps  were  found  to  absorb  moisture  from  them  and  to 
become  agglomerated,  when  the  conversion  into  sulphate  was  un- 
satisfactory. For  small  heaps  the  calcination  lasted  from  4  to  5 
months,  for  larger  ones  from  10  to  12.  The  greater  part  of  the 
copper  was  thus  converted  into  sulphate,  being  aided  by  the  decom- 
position of  the  sulphate  of  iron,  which  splits  at  high  temperature 
into  sulphur  trioxide  and  oxide  of  iron. 

At  Majdanpec  in  Servia,^  ores  containing  under  2  per  cent,  of 
copper,  partly  as  chalcocite,  and  partly  as  malachite  and  cuprite, 
were  mixed  in  the  proportion  of  12*5  parts  by  weight  of  oxidised  and 
9'5  of  pyritic  ores,  after  being  crushed,  and  miide  into  bricks  of  11 
lbs.  weight.  As  shown  by  the  subjoined  analysis,  the  ore  mixture 
contained  so  much  moisture  and  sulphates  that  no  artificial  ad- 
ditions were  required : — 

CugS 105 

CuCOg 0-30 

Cu^O 0-95 

FcjOj 9-51 

FeSj 34-39 

H^O, 102 

CaCOj.    .     .     .-    • 574 

SiOj 18-32 

MgSO^ 4-56 

A1^S0,)3 3-51 

AljOj 3-81 

H^O 16-00 

Afl^g traces. 

The  ores  were  piled  in  heaps,  dried  for  a  month,  and  then  calcined 
in  heaps  of  300  tons  with  a  consumption  of  7  tons  of  beech  faggots, 
the  heaps  being  covered  with  a  layer  of  mine  smalls  The  calcina- 
tion lasted  3  months,  during  which  the  various  copper  compounds 
were  converted  into  sulphate  by  the  sulphur  trioxide  produced  by 
the  decomposition  of  the  sulphates  of  iron  and  alumina  as  well  as 
by  the  calcination  of  pyrites.     In  the  interior  of  the  heap  the  copper 

^  Berg-  und  HuUen.-Zeitungf  1S85,  p.  58, 

u  2 
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was  converted  into  sulphate  down  to  ^  to  J  per  cent.,  in  the  outer 
parts  down  to  J  to  f  per  cent. 

At  Balan  in  Siebenbiirgen,  Transylvania,  calcination  in  rever- 
beratory  furnaces  is  combined  with  stall  roasting,  according  to 
Flechner.^  The  ores  contain  15  to  23  per  cent,  of  copper,  some 
pyrites  and  78  to  84  per  cent,  of  gangue ;  the  latter  consists  of  52  to 
64  per  cent,  of  silica,  20  to  22  per  cent,  of  ferrous  oxide,  and  5  to  8 
per  cent,  of  alumina.  The  ores  are  first  roasted  in  quantities  of  30  to 
40  tons  in  stalls,  whereby  {  of  the  sulphur  is  removed,  then  crushed, 
made  into  a  paste  with  ferrous  sulphate  mother  liquor  of  4°  to  6°  B., 
stacked  in  heaps  of  15  to  20  tons,  and  left  for  some  days,  after  which, 
they  are  calcined  in  reverberatory  furnaces  fired  by  gas.  The  copper 
is  said  to  be  converted  into  sulphate  and  leached  out,  down  to  0*4  to 
0*7  per  cent.  The  leaching  is  performed  with  mother  liquors,  re- 
sulting from  the  precipitation  of  the  copper.  The  exhausted  ores  are 
allowed  to  weather,  to  be  again  subsequently  leached.  The  formation 
of  sulphate  is  said  to  reach  its  maximum  when  the  ores  contain 
25  per  cent,  of  sulphides. 

Formation  of  Sulphate  of  Copper  by  Heating  the  Ores  ivith  Nitrate 

of  Iron 

Perrino  proposes  to  heat  copper  pyrites  with  nitrate  of  iron  to 
a  temperature  of  50°  to  150°  C. ;  this  process  is  said  to  transform 
the  copper  into  sulphate,  whilst  sulphide  of  iron  is  not  attacked. 
The  nitrous  fumes  evolved  are  to  be  oxidised  by  the  air  to  nitric  acid 
again,  which  is  to  be  used  to  regenerate  nitrate  of  iron.  This  process, 
which  dispenses  with  calcination,  has  not  yet  been  employed  on  the 
large  scale.^ 

Formation  of  Sulphate  of  Copper  by  the  aid  of  Ferric  Sulphate 

As  already  stated,  sulphide  of  copper  is  converted  into  sulphate 
by  the  action  of  ferric  sulphate  in  accordance  with  the  equation : — 

icH^SO, + CugS + 2Fe2(SO,)3  =  2CUSO4 + 4FeS0, + S + ajH^SO,. 

This  process  acts  as  a  subsidiary  process  during  the  leaching 
of  ores  roasted  for  sulphate  or  weathered,  in  that  the  liquors  always 
contain  large  quantities  of  ferric  sulphate,  which  promote  the  forma- 
tion of  sulphate  from  sulphide  and  oxide  of  copper. 

1  Oesterreich.  Zeitschrifl,  1882,  p.  355 ;  1883,  pp.  455,  463. 
•-*  Bery.-  wid  Huftenm,'  Zeitung,  1888,  No.  20. 
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Ferric  sulphate  has  not  been  used  independently  for  wet  methods 
on  account  of  its  comparatively  slow  action,  but  has  been  proposed 
for  decomposing  sulphide  of  copper  for  an  electrolytic  method.  (See 
page  328.) 

THE  TRANSFORMATION  OF  SULPHIDE  OF  COPPER  INTO  OXIDE 

This  is  effected  when  the  calcined  ore  is  to  be  treated  by  the 
already-described  Hunt  and  Douglas  process.  It  may  also  be  used 
when  sulphuric  or  hydrochloric  acids  are  to  be  obtained  very  cheaply. 
For  economic  reasons  it  is,  however,  preferred  to  convert  sulphide  of 
copper  into  chloride  by  calcination  with  salt,  or  to  calcine  fo?>  sulphate 
rather  than  to  convert  the  sulphide  into  oxide  of  copper.  Apart, 
therefore,  from  the  Hunt  and  Douglas  process,  the  conversion  of 
sulphide  into  oxide  of  copper  is  only  undertaken  under  exceptional 
circumstances.  In  the  case  of  furnace  products,  i.e.,  argentiferous 
copper  mattes,  sulphide  of  copper  is  more  often  converted  into  oxide 
with  a  view  to  dissolving  the  latter  in  sulphuric  acid  (i.e.,  at  Freiberg). 
Argentiferous  mattes  are  also  prepared  in  the  same  way  for  treat- 
ment by  the  new  Hunt  and  Douglas  process. 

Sulphide  of  copper  is  converted  into  oxide  by  calcination  of  the 
crushed  ores  in  reverberatory  furnaces,  or  in  muffle  furnaces  if 
salphuric  acid  is  also  to  be  made.  These  furnsu^es  are  similar  to 
those  described  under  the  dry  methods  of  copper  extraction.  By  the 
calcination  of  ores  in  heaps,  stalls  and  shaft  furnaces,  the  object  is 
only  imperfectly  attained,  as  not  all  the  sulphide  of  copper  is  con- 
verted into  oxide. 

As  an  example  of  the  oxidising  calcination  of  ores  for  the  produc- 
tion of  copper  oxide,  Ore  Knob  in  the  United  States  may  be  cited, 
where  iron  pyrites  containing  chalcopyrite  is  calcined  in  reverberatory 
furnaces  with  three  hearths.  The  ore,  which  is  rabbled  every  f  hour 
remains  12  hours  on  each  hearth.  The  calcined  ores  contain  7'75 
per  cent,  of  oxide  of  copper  and  4*15  per  cent,  of  sulphate. 

THE  CONVERSION  OF  SULPHIDE  OF  COPPER  INTO  CHLORIDE 

(CUPROUS  OR  CUPRIC) 

This  operation  may  be  performed  in  the  wet  or  in  the  dry  way, 
in  the  wet  way  by  treating  the  ores  with  ferric  chloride  or  with  ferrous 
chloride  and  hydrochloric  acid,  in  the  dry  way  by  calcining  with  salt. 
The  wet  method  is  slow,  whilst  dry  chlorination  is  rapid  and  relatively 
thorough.  The  dry  way  should  therefore  be  employed  as  a  rule,  and 
the  wet  way  only  used  when  the  cost  of  dry  chlorination  becomes 
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excessive  on  account  of  the  high  price  of  fuel,  or  when  on  no  con- 
sideration can  the  products  of  calcination  be  allowed  to  escape  into 
the  atmosphere,  however  completely  the  hydrochloric  acid  may  first 
have  been  condensed. 

Formation  of  Chloride  of  G^ypper  in  the  Wet  Way 

The  conversion  of  sulphide  into  chloride  of  copper  by  means  of 
ferric  chloride  is  applied  at  Rio  Tinto  to  cupriferous  pyrites  with  an 
average  of  268  per  cent,  of  copper ;  it  is  there  known  as  the  "  Dotsch" 
process,  after  the  name  of  its  inventor.  Sulphide  of  copper  is  con- 
verted into  cuprous  or  cupric  chloride  in  accordance  with  the  following 
equations : — 

CuS + Fe^Cle = 2FeCl  ^ + CuCl^ + S 
CugS  +  FcgCI^,  =  2FeCl2 + CugClg + S. 

The  result  is  a  solution  containing  cupric  chloride,  cuprous 
chloride  dissolved  in  ferrous  chloride,  and  ferrous  chloride.  After 
precipitation  of  the  copper  by  iron,  ferric  chloride  is  regenerated  by 
leading  chlorine  into  the  solution. 

The  ore  is  broken  by  rock -breakers  into  pieces  of  0*06  cubic  inch 
and  stacked  in  heaps  49  feet  3  inches  square,  and  13  feet  high,  in 
which  there  are  a  series  of  dry  stone  horizontal  and  vertical  flues,  just 
as  there  are  in  the  heaps  for  producing  sulphate  of  copper  at  Rio  Tinto. 
When  the  heaps  are  built  up,  a  mixture  of  ferric  sulphate  and  salt  is 
distributed  through  them  in  such  proportions  that  the  two  substances 
may  interact  forming  ferric  chloride  and  sodium  sulphate.     Ferric 
sulphate  is  obtained  at  Rio  Tinto  as  a.  decomposition  product  of  iron 
pyrites  and  of  solutions  of  ferrous  sulphate.     The  heaps  are  then 
moistened  with  liquors  containing  ferric  chloride  when  the  above 
reactions  take  place.     To  ensure  as  uniform  a  distribution  as  possible 
of  the  fluids,  wooden  tanks,  32  feet  9  inches  square,  are  erected  on 
the  heaps,  into  which  the  liquors  are  pumped  by  rubber  pumps.    The 
solutions  percolate  through  the  heaps  and  run  off  at  their  foot  into 
the  precipitating  vessels,  in  which  the  copper  is  precipitated  by  iron. 
After  the  ferrous  chloride  of  the  resulting  liquor  has  been  transformed 
into  ferric  chloride  by  means  of  chlorine,  the  liquor  is  again  pumped 
up  and  used  over  again.     The  liquors  flowing  from  the  heaps  contain 
11  to  15J  lbs.  of  copper  in  35  cubic  feet  of  solution.     By  this  means 
one  half  of  the  copper  in  the  ore  (1*34  per  cent  of  the  ore)  is  trans- 
formed into  chloride  and  dissolved  -otit  within  4  months.    Of  the 
remaining  copper  0*86  per  cent,  is  extracted  in  2  years  more.    The 
residues  contain  048  per  cent,  of  copper,  which  is  lost. 
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The  ferrous  chloride  in  the  liquor  is  retransformed  into  ferric 
chloride  by  letting  it  fall  into  a  fine  shower  through  a  tower  filled 
with  pieces  of  wood,  quartz  or  coke,  in  which  gases  containing  chlorine 
are  made  to  ascend. 

The  chlorine  is  obtained  by  heating  salt  with  sulphate  of  iron 
in  a  reverberatory  furnace,  the  iron  being  half  in  the  ferrous  and 
half  in  the  ferric  state ;  in  the  reverberatory  furnace  it  is  all  con- 
verted into  ferric  sulphate.  The  charge  is  4  cwts. ;  air  enters  the 
furnace  through  three  working  doors  and  through  a  hollow  fire- 
bridge. 

The  reactions  that  ensue  are  the  following : — 

2FeS0e  +  4NaCl  -h  30  =  FeA  +  21^s^^S0^  +  4C1 
FegSOe  +  2NaCl  +    O  =  Fefi'^  +    Na^SO^  -h  2C1. 

Together  with  these  reactions,  others  producing  a  certain  amount  of 
hydrochloric  acid  also  take  place ;  in  order  to  convert  this  as  far  as 
possible  into  chlorine,  a  certain  quantity  of  oxide  of  manganese  is 
piled  on  the  furnace  bed,  close  to  the  fluebridge.  The  gases  evolved 
are  led  into  the  above  mentioned  towers,  in  which  the  chlorine 
contained  in  them  regenerates  the  ferric  chloride. 

Attempts  have  been  made  at  Rio  Tinto  to  shorten  the  chlorina- 
tion  by  first  digesting  the  ores  with  ferric  chloride  in  vessels  and 
afterwards  stacking  them  in  heaps  and  treating  as  above  described. 
By  digestion  with  ferric  chloride  it  was  found  possible  to  chloridise 
i  to  ^  of  the  copper  present  and  to  get  it  into  solution  within  10 
days. 

The  sulphur  of  the  iron  pyrites  is  but  little  attacked  in  the 
Dotsch  process,  so  that  the  leached  ore  can  still  be  used  for  the 
manufacture  of  sulphuric  acid. 

The  transformation  of  sulphide  into  chloride  of  copper  by  means 
of  ferrous  chloride  and  hydrochloric  acid  is  performed  at  Stadtberge 
in  Westphalia. 

This  process  depends  on  the  feet  that  ferrous  chloride  containing 
hydrochloric  acid,  when  exposed  to  the  air,  is  partly  converted  into 
ferric  chloride  and  ferric  hydrate,  the  latter  being  also  converted 
into  ferric  chloride  by  the  hydrochloric  acid.  Ferric  chloride  chlori- 
dises  the  sulphide  of  copper  aS  above  explained,  with  the  formation 
of  ferrous  chloride.  The  chloride  of  copper  is  dissolved  out  of  the  ore 
by  means  of  liquors  rendered  acid  with  hydrochloric  acid,  and  the 
copper  is  precipitated  by  iron  from  the  solution  of  copper  chloride 
and  ferrous  chloride   which   is   thus  obtained.     The  mother-liquor 


296  METALLURGY 

is  employed,  in  part  mixed  with  hydrochloric  acid  for  chloridising 
fresh  ore,  and  in  part  for  dissolving  out  the  chloride  of  copper 
when  formed. 

Chloridation  takes  place  when  the  ore,  saturated  with  the  solution 
of  ferrous  chloride  and  hydrochloric  acid,  is  stacked  in  heaps  and 
allowed  to  weather. 

The  ore  at  Stadtberge  is  a  siliceous  schist  containing  2  to  2| 
per  cent,  of  copper  chiefly  in  the  form  of  chalcocite,  partly  as  sul- 
phate (j^),  to  a  smaller  extent  in  an  oxidised  state.  An  average 
analysis  gave  the  following  result : — 

SiOg 74-28 

A '2^3       .      •      .      .     ^      .      .      .    lU'oo 

Fe 217 

cu 2-328  {<«f.^^f^/'^3|f;;r' 

(      insoluble  m  HOI.) 
Ag 00025 

CaO 0-61 

PA 0  48 

S  .     . 1-58 

SO3 0155 

CO, 0710 

HgO 0-585 

Loss  on  ignition 6*510 

The  ores  are  broken  down  in  rockbreakers  and  then  crushed  between 
rolls  to  0*09  to  012  cubic  inch;  they  are  then  transferred  io 
wooden  tanks  round  which  clay  has  been  rammed,  provided  ^ith 
wooden  false  bottoms  about  6  inches  above  the  actual  bottoua. 
Each  tank  holds  100  tons,  which  forms  a  layer  35  to  40  inches  deep 
on  the  false  bottom.  The  chloridising  solution  is  lifted  by  means  of 
a  l)ucket  wheel  and  poured  over  the  ore,  which  it  completely  covers. 
It  is  allowed  to  act  for  three  days  and  is  rendered  more  energetic  in 
its  action  by  being  run  off  from  time  to  time  and  then  poured  on 
again.  The  solution  consists  of  the  mother-liquor  resulting  from 
the  precipitation  of  the  copper  by  iron  and  contains  per  gallon : — 

Ferrous  chloride 17797  lbs. 

Ferric  chloride 0'0264    „ 

Cupric  chloride 0  0112    „ 

Sodium  chloride 00133    „ 

Aluminium  chloride 0*0977    „ 

Calcium  sulohate 00788    „ 
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For  each  cwt.  of  ore,  4J  lbs.  of  hydrochloric  acid  of  20°  B.  are 
added.  In  order  to  dissolve  the  minute  quantity  of  silver  contained 
in  the  ore,  which  is  converted  into  chloride  by  the  solution,  2  lbs. 
of  salt  are.  added  for  each  gallon  of  liquor.  Sulphate  and  oxide  or 
carbonate  of  copper  are  dissolved  by  the  solution,  thus  rendering 
the  ore  more  porous  and  better  adapted  for  the  weathering  that 
follows  the  saturation.  After  this  action  has  gone  on  for  three  days 
the  copper  in  the  ore  is  reduced  to  between  1"2  and  1*5  per  cent. ;  the 
liquor  is  then  run  oflf  and  is  used  for  dissolving  the  chloride  of  copper 
from  the  weathered  ore. 

The  ores  saturated  with  the  chloridising  solutions  are  removed 
from  the  tank,  stacked  in  heaps  10  feet  high,  and  exposed  to  the 
weather  for  three  months,  during  which  time  they  become  dry. 
At  the  end  of  this  time  the  greater  part  of  the  copper  (all  except 
0'4  per  cent.)  has  been  converted  into  cuprous  and  cupric  chlorides, 
oxychloride  and  sulphate  of  copper,  and  the  silver  into  chloride  of 
silver.  The  ores  are  now  leached  with  liquors  containing  hydro- 
chloric acid,  which  are  in  part  the  solutions  that  have  been  used  for 
saturating  the  ore,  till  only  0*4  per  cent,  of  copper  remains,  and  are 
allowed  then  to  weather  still  further  upon  a  bed  of  clay,  when  some 
more  copper  is  obtained. 

The  process  gives  a  good  yield  of  copper  and  entails  a  compara- 
tively small  consumption  of  iron  for  precipitation,  namely,  106  parts 
iron  to  100  parts  of  copper. 

ProdtLction  of  Chloride  of  Copper  in  the  Dry   Way 

This  method  is  largely  used  at  present  in  Europe,  for  extracting 
copper  from  cupriferous  pyrites  containing  only  a  moderate  quantity 
of  copper  (3  per  cent,  to  8  per  cent.).  It  consists  in  an  oxidising 
calcination  of  the  ores,  performed  in  shaft  furnaces  if  the  sulphur 
vapours  are  to  be  utilised  for  sulphuric  acid  making,  and  a  subsequent 
chloridising  roasting  with  salt  or  Abraumsalz  in  reverberatory  or 
muffle  furnaces,  whereby  the  copper  is  converted  chiefly  into  cupric 
and  only  in  small  part  into  cuprous  chloride.  The  chloride  of  copper 
is  leached  out  and  the  copper  precipitated  from  the  solution  by 
means  of  iron. 

The  method  had  long  previously  been  proposed  by  Longmaid 
Schaflher,  Becchi  and  Haupt,  but  was  only  introduced  in  England  in 
consequence  of  the  experiments  on  a  large  scale  of  Henderson, 
Phillips,  Tennant  and  others,  when  it  was  employed  upon  the  cupri- 
ferous pyrites  of  Spain  and  Portugal.     It  was  afterwards  adopted  in 
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Germany,  Austria,  Belgium  and  Sweden.  It  is  in  use  at  present  in 
England  (Tyne  district  and  South  Lancashire),  Belgium  (Hemixem 
near  Antwerp),  Sweden  ( Atvidaberg,  Fahlun,  and  Helsingborg),  Ger- 
many (Duisburg,  Konigshutte,and  till  recently  at  Oker),  and  Austria 
(Aussig  in  Bohemia  and  Wittkowitz  near  Mahrisch-Ostrau).  It  is 
especially  important  for  Spanish,  Portuguese,  Norwegian  and  Hun- 
garian pyrites  with  an  average  copper  contents  of  3  to  4  per  cent. ; 
these  ores  are  first  calcined  in  sulphuric  acid  works  down  to  3  or  4  per 
cent,  of  sulphur  and  then  disposed  of  to  copper  or  iron-works.  The 
copper  is  extracted  by  means  of  this  process  and  the  residues,  consist- 
ing chiefly  of  ferric  oxide,  are  used  in  iron  works  as  a  source  of  iron. 

The  English  process  has  been  described  by  the  following  writers : 
Clapham  (Chem.  News,  xxiii.  26 ;  Wagner *s  Jahresberichte,  f.  1871, 
134);  Wedding  and  Ulrich  (Preuss.  Minist.  Zeitschr.  xix.  298); 
Lunge  (Dingl.  Journ.  cciv.  288 ;  ccxiv.  466 ;  ccxv.  54  and  229 ;  ccxix. 
323  ;  Wagner's  Jahresberichte,  f.  1872, 170  ;  1875, 188  and  307 ;  1876, 
175;  Handbuch  der  Soda-Industrie,  Brunswick,  1879,  Vol.  I.  p.  544), 
Gibb  (Chem.  News,  xxxi,  165).  Brauning  has  communicated  an 
article  on  the  process  at  Oker  to  the  Preuss.  Minist.  Zeitschr.  1877, 
p.  156.  Successful  experiments  have  been  made  by  Stahl  on  a 
spathic  ore  containing  1252  per  cent,  of  copper  pyrites  and  9*37  per 
cent,  of  iron  pyrites  (Berg-  und  Huttenm.-  Ztg.  Nos.  23,  29  and  38). 

The  process  depends  upon  the  reaction  which  ensues  when 
calcined  pyrites,  which  still  contains  some  four  per  cent,  of  sulphur 
mainly  in  the  form  of  sulphide  of  iron,  is  roasted  with  sodium 
chlorine  or  with  the  so-called  Ah^auviscUz  (chlorides  of  sodium, 
magnesium,  potassium  and  calcium) ;  sulphate  of  copper  is  formed, 
which  forms  by  double  decomposition  cupric  or  cuprous  chloride 
and  sodium  sulphate.  The  formation  of  cupric  sulphate  is  due 
chiefly  to  the  sulphuric  acid  of  the  sulphate  of  iron  which  partly 
exists  ready  formed  in  the  calcined  ore,  and  partly  is  produced  from 
the  sulphide  of  iron,  and  which  in  part  is  split  up  into  ferric  oxide  and 
sulphur  trioxide  and  in  part  forms  with  the  sodium  chloride  sodium 
sulphate  and  ferrous  and  ferric  chlorides,  which  latter  substances 
exert  a  chloridising  action  upon  the  copper.  A  part  of  the  sulphuric 
acid  resulting  from  the  decomposition  of  the  sulphate  of  iron  evolves 
chlorine  from  the  salt  if  it  is  anhydrous,  and  hydrochloric  acid  if  it  is 
in  the  hydrated  state.  Chlorine  chloridises  sulphide  of  copper,  and 
hydrochloric  acid  the  metallic  oxides  present. 

The  result  of  the  calcination  is  a  mixture  of  cupric  chloride,  oxide 
and  sulphate,  cuprous  chloride,  sodium  sulphate,  ferrous  chloride,  ferric 
oxide,  and  sulphates  and  chlorides  of  the  remaining  metals  contained 
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in  the  ore.  The  calcination  must  be  so  conducted  as  to  produce  the 
minimum  possible  quantity  of  copper  compounds  insoluble  in  water, 
namely  copper  oxide  and  cuprous  chloride,  because  these  bodies 
require  acids  or  chlorine  conjpounds  to  dissolve  them.  Soluble  ferric 
sulphate  too  should  not  remain  in  the  calcined  ore,  because  it  passes 
into  the  solutions  and  entails  an  increased  consumption  of  iron  when 
the  copper  is  precipitated. 

The  necessary  conditions  for  success  are  :  not  too  high  a  propor- 
tion of  copper  in  the  ores,  not  too  much  sulphur,  absence  of  large 
quantities  of  calcium,  magnesium,  manganese,  zinc,  nickel,  cobalt 
and  lead,  and  the  maintenance  of  a  suitable  temperature  during 
calcination. 

If  these  conditions  be  observed,  the  copper  content  of  the  ores 
can  be  brought  down  to  0*1 — 0*3  per  cent,  after  leaching,  especially 
if,  by  addition  of  pyrites  and  common  salt  at  the  end  of  the  reaction, 
an  additional  chloridation  be  brought  about.  If  the  metals  above 
mentioned  are  present  in  considerable  amount,  the  process  becomes 
unworkable,  since  they  withdraw  the  necessary  elements  from  their 
combinations  with  copper,  in  accordance  with  the  laws  of  mass  action 
and  affinity.^  Chloridisingis  protracted,  and  leaching  is  made  diflScult, 
when  the  ores  are  too  finely  crushed ;  on  the  other  hand  very  coarsely 
pounded  ore  is  disadvantageous  owing  to  the  protective  action  of  big 
lumps  on  the  metal  contained  in  them. 

If  there  is  too  much  copper,  the  whole  of  the  sulphide  is  not 
decomposed  by  the  first  calcination,  so  that  part  of  the  copper  is  not 
chloridisedin  the  second  roasting  which  is  not  hot  enough  to  completely 
decompose  sulphide  of  copper,  and  accordingly  escapes  solution.  Tn 
Oker  8  per  cent,  was  looked  upon  as  the  maximum  for  good  chlorina- 
tion,  in  England  6  per  cent. 

The  sulphur  must  not  exceed  1^  times  the  equivalent  of  the 
copper  present,  because  otherwise  too  much  salt  would  be  consumed 
and  the  calcination  would  take  too  long.  If  the  quantity  of  sulphur 
is  insufficient,  the  necessary  quantity  of  raw  pyrites  is  added. 

The  temperature  must  not  exceed  low  redness,  otherwise  too 
much  cupric  chloride  would  be  volatilised ;  in  spite  of  all  precautions 
it  is  impossible  quite  to  prevent  the  production  of  cuprous  chloride 
and  cupric  oxide  or  the  volatilisation  of  small  quantities  of  cupric 
chloride. 

The  gases  evolved  in  the  chloridising  roasting  contain  sulphur 
dioxide,  hydrochloric  acid  and  chlorine,  and  must  therefore  be 
rendered  innocuous  before  being  allowed  to  escape ;  this  is  effected 

1  Stabl,  Berg-  u.  Huitenm-.  Ztg,  1897,  p.  321. 
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by  leading  them  into  towers  filled  with  acid  proof  stones  or  in  the 
case  of  muffle  furnaces  with  coke,  down  which  water  is  allowed  to 
trickle.  The  latter  absorbs  both  the  injurious  gases  and  the 
volatilised  cupric  chloride.  The  towers  are  best  built  of  masonry 
coustnicted  of  sandstone  slabs  soaked  in  tar  and  their  upper  part  is 
connected  by  stoneware  or  leaden  pipes  with  stacks  producing  a 
strong  draught. 

The  furnaces  in  which  the  calcination  with  salt  (or  Abrawnmh)  is 
effected,  are  either  reverberatory  or  muffle  furnaces ;  the  former 
consume  less  fuel  than  the  latter,  but  evolve  the  acid  vapours  that 
have  to  be  condensed,  in  a  highly  dilute  condition.  They  have  fixed 
or  partly  movable  bodies  and  are  fired  by  ordinary  grates  or  by  gas. 
The  calcining  furnaces  take  a  charge  of  2  to  3  tons,  which  forms  a 
layer  5  to  6  inches  deep  and  requires  8  to  12  hours  for  its  calcination. 

A  reverberatory  furnace  with  fixed  body  and  fired  by  a  grate,  such 
as  is  used  at  the  works  of  the  Bede  Metal  Company  at  Hebburn-on- 
Tyne,  is  shown  in  Figs.  225  to  228.     These  furnaces  are  characterised 


by  a  protecting  arch,  or  curtain  arch  which  reaches  from  the  fire- 
bridge almost  to  the  centre  of  the  furnace,  the  object  of  which  is  to 
prevent  the  ore  that  lies  near  the  bridge  from  being  too  strongly 
heated.  The  grate  is  shown  at  r ;  the  flame  from  it  passes  through 
the  apace  between  the  curtain  arch  s  and_  the  main  arch  h  into  the 
working  body  of  the  furnace  A.  At  the  end  of  the  latter  the  gases 
enter  the  descending  flue,/,  and  from  this  traverse  eight  flues,  k,  that 
extend  below  the  bed  of  the  furnace.  After  they  have  thus  heated 
the  bed  they  pass  into  the  subterranean  flue,  u,  which  leads  to  the 
acid-condenser.  The  working  doors  are  at  (,  < ;  ^i  is  an  iron  pan  for 
warming  the  charge  previous  to  its  entering  the  furnace,  and  /,  I  are 
bijxes  through  which  the  mixture  of  ore  and  salt  is  charged.  The 
furnaces  hold  2  tons  16  cwts.,  and  the  time  of  calcination  is  8  hours. 
Figs.  229  to  230  show  a  furnace  with  fixed  body  and  fired  by 
gas.  such  as  are  in  use  at  Widnes  in  Lancashire,  and  were  in  use  at 
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Oker,  wheie  they  were  later  on  replaced  by  furnaces  with  ordinary 
grates.  (At  present  the  wet  method  has  been  abandoned  at  Oker 
because  the  supply  of  poor  ores  suitable  for  it  has  fallen  off.) 

From  a  producer  not  shown  in  the  engravings  the  gas  entcra  a" 
flue  k  running  the  entire   breadth   of  the  furnace,  and  thence  five 


flues  g  running  under  the  bed.  Here  it  is  burnt  by  means  of  atmos- 
pheric air  which  enters  through  apertures  A  that  can  be  closed  bv 
slides.  The  flame  passes  first  along  the  flues  g  under  the  bottom  of 
the  bed,  and  thence  enters  the  body  of  the  furnace.  Thence  the 
gases  evolved  pass  through  the  flue  i  into  a  flue  leading  to  the  coke 
towers  and  thence  to  the  stack. 
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The  furnaces  have  4  working  doors  a  in  each  of  the  long  sides  and 
4  charging  hoppers  t.  The  charge  is  2^  tons,  and  2  charges  are 
worked  off  in  24  hours. 

The  ores  that  used  to  be  treated  by  the  wet  method  at  Oker  had 
the  following  composition^ : — 

Pyrites 60  per  cent. 

Chalcocite 23     „     „ 

Zinc  blende 6     „     „ 

Galena 2 


})     >f 


Gangue 9     „     „ 

They  were  first  calcined  in  pyrites  burners,  which  delivered  the 
fumes  to  the  sulphuric  acid  works.  The  calcined  ores  contained  from 
6  to  9  per  cent,  of  copper  and  5  to  8  per  cent,  of  sulphur;  their 
chemical  composition  from  the  average  of  a  month  s  working  was  as 
follows : — 

Copper  (chiefly  as  oxide)  .     .     .  7*83  per  cent. 

Iron  (chiefly  as  ferric  oxide)  .     .  40*53 

Lead  (as  oxide) 2  09     „     „ 

Silver 0008 

Zinc  (chiefly  as  oxide)  ....  1*95     „ 

Man£[anese  (as  sesquioxide)  .     .  040     „     „ 

Sulphur 3-80     „     „ 

Sulphuric  acid 9*51 

Alumina 4*43 

Other  gangue 11-65     „     „ 


tt     If 


i}     If 

f>     >f 


Upon  the  assumption  that  the  sulphur  is  mainly  combined  with 
iron  and  the  sulphuric  acid  with  the  metallic  oxides  (CuO,  ZnO,  CaO, 
FeO,  Fefi^),  the  proximate  composition  of  the  calcined  ores  would  be 
somewhat  as  follows  : — 

CuO 9-80  per  cent. 

Fe^O, 5314     „     „ 

FeS, 713     „     „ 


ff     fi 

if     » 


PbO 2-25 

Ag 0008 

ZnO .  243 

MujO, 0-57     „     „ 

SO3 9  51     „     „ 

AlA 443     „     „ 

Other  gangue 11*65     „     „ 

100918 

*  Brftuning,  loc,  ciV, 
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The  calcined  ore  was  mixed  with  15  per  cent,  of  Abrauimak 
from  Stassfurt  and  ground  under  edge-rollers  to  a  mesh  of 
008  inch.  The  daily  output  of  an  edge-mill  was  15  tons  of  ore 
with  the  corresponding  amount  of  salt ;  2^  tons  of  the  mixture  was 
the  charge  for  the  gas-fired  furnace,  and  this  was  heated  to  low 
redness  within  4  hours.  The  mass  was  then  rabbled  for  5  hours  with 
a  very  low  fire  or  without  any,  the  air  valves  being  meanwhile  kept 
open  in  order  to  allow  the  air  to  act  upon  the  charge.  The  latter 
was  then  drawn  and  a  fresh  charge  introduced  as  soon  as  the  fumnce 
was  empty ;  5  tons  of  calcined  ore  were  worked  oflf  in  24  hours,  with 
a  coal  consumption  of  10  to  12  per  cent.  The  composition  of  the 
ores  after  the  chloridising  roast  (with  20  per  cent,  of  the  Abratimsalz) 
was  as  follows,  according  to  determinations  made  in  the  worics 
laboratory  at  Oker : — 


CuCl. 


817 


AgC! 0-006 

FeCI, 

ZnCIj 

MnCl, 

NiClo' 


CaClj  .  . 
A1,(S0,)3 
MgSO,  ) 
CuSO,  \ 
Na^SO,  ' 
CuO    . 


1-38 
3-42 
1-71 
015 
317 
056 

2050 


CujS 


003 

PbSO, 1-26 

FegOg 47-91 

FcgSO, 102 

FeSg 1-18 

AI2O3 0-44 

ZnO 0-46 

CuSO, 119 

Insoluble 3-19 


J 


soluble  in  water 


insoluble  in  water 


(insoluble  in  acids) 


The  average  result  obtained  was  that,  of  the  total  copper  in  the 
ores,  after  the  chloridising  roasting,  75  per  cent,  was  soluble  in  water 
(cupric  chloride  and  neutral  sulphate),  20  per  cent,  in  dilute  acids 
(cuprous  chloride,  cupric  oxychloride,  oxide  and  basic  sulphate)  and  5 
]KT  cent,  in  aqua  rcgia  (cuprous  sulphide). 


The  works  at  Oker  were  arranged  in  terraces  for  the  sake  of  con- 
venient transport  of  the  solids  and  liquids.    The  airangenient  is  shQwn 


in  Figs.  231  to  235.'     At  the  highest  level  was  the  charging  floor  a 
nn  which  the  pyritic  residues  and  the  salt  were  stored,  to  be  ground 
'  Briiming,  lof.  ril. 
VOL.    I  X 


.lECD 


in  the  two  mills  b,  the  latter  being  driven  by  an  engine  c  of  12  h.  p. 
The  ground  charge  was  run  in  cars  on  a  narrow  gauge  tram-line  to 
the  hoppera  of  the  three  calcining  furnaces  d.  The  gas  for  heating 
the  latter  was  generated  in  the  producers  e  ;  the  gaseous  products  of 
combustion  and  calcination  passed  through  the  flues  i  into  the  coke- 
tower  k  and  thence  to  the  stack  y,  which  also  worked  the  boilers  r ; 


the  latter  supplied  steam  to  the  engine  c,  for  heating  the  solutions, 
and  for  raising  them  by  means  of  injectors. 

The  calcined  ores  were  leached  in  the  tanks  n  lined  with  lead,  and 
the  copper  was  precipitated  from  the  solution  by  means  of  iron  in  the 
precipitating  tanks  o,  which  were  also  lead-lined.  To  hasten  the 
precipitation,  the  solutions  were  heated  by  live  steam.  The  copper- 
free  solations  ran  into  the  reservoirs  pp,  whence  they  could  again  be 
raised  by  injectors  to  the  leaching  vats.     The  dilute  acid  collected  in 

X  2 
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the  coke-tower  was  warmed  in  special  vessels  and  was  used   for  a 
second  lixiviation  of  the  ores,  to  dissolve  out  the  cuprous  chloride  and 

cupric  oxide. 

A  reverberatory  furnace  with  rotating  bed,  fired  by  means  of  a 
grate,  the  furnace  of  Gibbs  and  Gelstharpe,  of  which  pattern  there 
were  12  in  operation  at  the  Bede  metal  works  in  addition  to  the 
furnace  already  described,  is  shown  in  Figs.  236  to  239.^ 

The  rotating  bed  consists  of  a  circular  pan  zz  oi  boiler  plate  lined 
with  firebrick  ;  it  is  carried  by  a  vertical  shaft  w  that  rests  in  a  st-ep 
and  passes  also  through  a  bearing  which  is  stayed  by  the  bent  iron 
pipes  X.    The  step  is  constantly  supplied  with  oil  by  means  of  a  small 
pump  driven  off  the  main  engine,  the  excess  oil  running  back.      The 
pan  is  driven  by  an  endless  chain  that  grips  on  a  groove  running 
round  the  pan.      The  chain  is  driven  by  the  shaft  v  by  means  of  the 
pulley  u  and  guide  pulleys  71     The  movable  bed  forms  the  floor  of 
the  furnace  body,  the  roof  being  formed  by  the  arch  s  and  the  sides  by 
the  masonry  r.     B  is  the  fireplace,  and  3f  the  flue  through  which 
the  gases  escape  to  the  coke-tower.     Between  the  circumference  of 
the  pan  and  the  side  walls  of  the  furnace  there  is  a  clearance  of  one 
inch  ;  this  gives  the  bed  free  play  and  admits  the  air  requisite  for  the 
calcination.     The  furnace  is  charged  through  the  opening  0,  furnished 
with  a  hopper  and  capable  of  being  closed  when  required.   The  charge 
is  rabbled  by  the  plough  P  which  is  attached  to  the  rod  D  and  receives 
a  slow  back  and  forwards  movement  in  a  radial  direction.    The  plough 
makes  a  complete  stroke  in  either  direction  during  one  complete 
revolution  of  the  bed  and  by  this  simultaneous  movement  the  ore  is 
sufliciently  rabbled  and  brought  into  contact  with   the   air     The 
plough  is  moved  by  the  tangent  screw  A:,  which  works  the  toothed 
wheels  A  and  X.    The  wheel  L  by  means  of  a  crank  pin  and  connect- 
ing rod  N  moves  a  lever,  which,  by  means  of  the  crosshead  q,  moves 
the  rod  D  to  which  the  plough  is  attached,  and  communicates  a 
reciprocating  movement  to  it. 

The  furnace  is  emptied  by  means  of  the  grating  if,  which  hangs 
above  the  roof  during  the  process  of  calcination,  and  is  lowered  down 
to  the  bed  when  required  by  means  of  a  chain,  through  a  slot  in  the 
roof  that  can  be  closed  as  desired.  The  grating  consists  of  a  series  of 
parallel,  very  stout  strips  of  boiler  iron,  which  stand  diagonally  in 
place  in  the  furnace,  in  which  position  they  are  maintained  by  the 
rod  B,  which  is  pushed  in  from  the  outside.  As  the  bed  turns,  the 
ore  is  pushed  through  the  intervals  between  the  strips  of  iron,  in 
such  a  direction  that  it  comes  opposite  the  next  pair  of  openings 

*  Lunge,  Soda  Industriey  i.  p.  555, 


■IIO  METALLURGY 

nearer  to  the  periphery  ;  thence  the  next  turn  of  the  bed  brings  It 
still  nearer  the  outside  circumference,  until  it  ie  finally  pushed 
against  the  plate  J  J  in  front  of  the  working  door ;  this  forces  it  into 


the  gutter  F  and  thence  into  a  receiver  outside  the  furnace.    The 
cast-iron  plough  lasts  a  fortnight. 

Twelve  of  these  furnaces  are  driven  by  two  steam  engines  of  18 
i.ii.p.  each.  Each  furnace  roasts  5  tons  of  ore  with  1\  per  cent,  of 
salt  in  9  hours.  These  furnaces  admit  of  very  uniform  heating  and 
perfect  calcination,  as  the  latter  is  rendered  independent  of  the  skill 
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of  the  workmen.  They  produce  a  larger  proportion  of  salts  soluble 
Id  water  than  do  handworked  furnaces.  According  to  Gibb,  ore 
submitted  to  a  chloridising  roast  in  these  furnaces  contained : — 

Per  cent.  Copper  per  cent. 

Cupric  chloride 670 315 

Cuprous  chloride 0  0 

Cupric  oxide 0  32 025 

Sodium  chloride 090 — 

Sodium  sulphate 1403 — 

Insoluble  copper .     ......     —        013 


Total  copper 353 

A  muffle  furnace,  such  as  is  used  in  the  works  of  the  Tharsis 
Sulphur  and  Copper  Company,  is  shown  in  Figs.  240  to  242. 

R  B  are  two  grates ;  W  is  the  muffle.  The  flame  fir^t  passes  over 
the  muffle  through  the  flues  v,  then  descends  and  passes  in  the  opposite 
direction  under  the  muffle  through  the  flues  z  z,  when  its  direc- 
tion is  again  reversed  and  it  returns  along  the  flues  x  x,  and  descends 
through  the  vertical  flue  ?/,  into  the  flue  o  leading  to  the  stack.  The 
gases  produced  during  calcination,  which  contain  chlorine  and  hydro- 
chloric acid,  escape  through  the  flue  d  and  the  vertical  flue  p  into  u 
which  leads  to  the  coke-towers.  The  doors  a  a  in  the  long  sides  of 
the  furnace  serve  for  working,  for  air  admission  and  for  discharging. 
Above  the  furnace  is  an  iron  pan  in  which  the  mixture  of  ore  and 
salt  is  first  heated.  In  this  there  is  a  row  of  apertures  to  provided 
with  covers,  through  which  the  charge  drops  into  vertical  flues  and 
thence  into  the  muffle.  These  furnaces  consume  from  1^  to  2  times 
as  much  fuel  as  reverberatory  furnaces,  but  admit  of  steadier  working 
and  yield  more  concentrated  gases.  Calcination  lasts  12  hours,  9 
hours  first  with  12  per  cent,  of  salt,  and  3  hours  more  with  an 
additional  8  per  cent,  of  salt. 

According  to  Gibb,  ore  calcined  in  these  furnaces  contained : — 

Per  cent.  Copper  per  cent. 

Cupric  chloride 4 25 200 

Cuprous  chloride 035 021 

Cupric  oxide 0  88 070 

Sodium  chloride 3*40  — 

Sodium  sulphate     ....'.  1740 — 

Insoluble  copper — 01 2 

Total  copper 303 
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For  12  furnaces,  one  coko  tower  8  feet  square  and  40  to  50  feet 
high  is  sufficient ;  the  solution  that  collects  in  it  consists  of  dilut-e 
hydrochloric  and  sulphuric  acids,  the  latter  being  produced  by  the 
action  of  chlorine  upon  the  sulphur  dioxide  evolved  in  calcinatioE 


This   solution  ia   used  for  dissolving   cuprous  chloride  and   cupric 
oxide  out  of  the  calcined  ores. 

At  Konigshiitte,  in  Upper  Silesia,  muffle  furnaces  with  a  single 
bed,  fire<l  by  a  grate,  arc  in  use.     The  larger  furnaces  have  a  bed 
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31  feet  9  inches  x  9  feet  6  inches  =  305  square  feet,  and  the 
smaller  ones  31  feet  6  inches  X  7  feet  3  inches  =  228  square  feet. 
In  these  furnaces  calcined  Rio  Tin  to  pyrites  with  5  per  cent,  of 
copper  and  3  to  4  per  cent,  of  sulphur  is  roasted  with  10  to  12  per 
cent,  of  salt.  The  charge,  including  the  salt,  is  4  tons  4  cwts.  in  the 
larger,  and  2i  tons  in  the   smaller  furnaces.      The  roasting  takes 

9  hours,  and  the  whole  operation,  including  charging  and  drawing, 
9i  to  10  hours.  The  fuel  consumption  is  27  to  30  per  cent,  of  the 
weight  of  the  calcined  ore.  The  gases  evolved  are  utilised  as  in  the 
last  instance. 

At  the  works  of  the  Pennsylvania  Salt  Manufacturing  Company 
at  Natrona,  Alleghany,  Co.  Pa.,^  calcined  Spanish  ores  are  worked  up 
as  follows : — ^They  are  first  crushed  to  pass  through  a  sieve  with 
20  meshes  to  the  linear  inch,  mixed  with  one-tenth  their  weight  of 
salt,  and  then  roasted  in  hand-worked  muflSes   43   feet   long  and 

10  feet  wide.  If  the  sulphur  content  of  the  charge  is  less  than 
1 J  times  the  copper,  then  a  corresponding  quantity  of  raw  pyrites  is 
added.  The  weight  of  the  charge  is  9,500  lbs.,  and  this  is  worked  off 
in  8  hours. 

b.    DISSOLVING  THE  COPPER   OUT  OF   THE  ORES 

Solution  of  Copper  as  Sulj^haie 

The  solution  of  copper  that  has  been  converted  into  sulphate  is 
performed  in  the  same  way  as  has  been  described,  page  283,  for  ores 
that  contain  sulphate  of  copper.  The  leaching  of  ores  at  Tharsis  and 
Kedabeg  has  been  described  above. 

At  Rio  Tinto  the  vessels  for  dissolving  the  sulphate,  produced 
as  described,  are  tanks  of  masonry  cemented  inside,  98  feet 
6  inches  long,  32  feet  9  inches  wide,  and  5  feet  deep,  with  a  false 
bottom  made  of  planks.  The  liquor  runs  through  the  open  spaces 
left  between  the  planks,  on  to  the  inclined  true  bottom  of  the  tank, 
and  escapes  through  plug  holes  in  the  angles  of  the  deeper  side, 
whence  it  runs  into  settling  tanks.  The  first  leaching  is  performed 
with  water,  which  must  completely  cover  the  ore,  and  which  is  allowed 
to  stand  from  2  to  6  hours,  according  to  the  richness  of  the  ore  in 
sulphate. 

In  the  following  lixiviations  the  ore  is  left  under  water  for 
8  to  10  hours,  there  being  usually  5  to  6  lixiviations,  but  sometimes 
even  more.      The  various  solutions  mix  in  the  settler,  their  average 

>  The  Mineral  Industry,  1900,  p.  197. 
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contents  of  copper  being  8*5  to  17  lbs.  to  the  cubic  yard  of  solution. 
The  leached  ores  still  retain  0  4  to  0  5  per  cent,  of  copper  as  sulphide. 
At  Agordo  the  crusts  from  kernel-roasting  were  leached  in 
wooden  tanks  of  1,400  to  1,760  cubic  feet  capacity.  First  weak 
and  then  strong  solutions  were  employed,  the  solutions  being  allowed 
to  act  for  24  hours  on  the  ores.  The  richer  solutions  had  a  density 
of  31°  to  34^  B.,  the  poorer  of  14^  to  15°  B.  After  three  leachings, 
the  residues  were  used  to  cover  heaps  for  kernel-roasting,  and  were 
then  again  leached  repeatedly.  The  residues  were  then  sifted,  the 
finer  portions  containing  0*25  to  030  per  cent,  of  copper  being  thrown 
away,  whilst  the  coarser  were  again  used  to  cover  roast-heaps,  and 
were  then  again  leached. 

Solution  of  Oxide  of  Copper 

Copper  oxide,  produced  by  calcining  the  sulphide,  is  dissolved  in 
the  same  way  as  when  it  occurs  in  ores  (see  page  273).  Dilute  acids 
or  ferrous  chloride  are  used  as  solvents. 

At  Ore-Knob,  North  Carolina,  the  calcined  ores,  which  contained 
775  per  cent,  of  copper  oxide  and  415  per  cent,  of  sulphate,  were 
treated  in  wooden  vats  with  raised  conical  bottoms,  6  feet  6  inches  in 
diameter,  and  5  feet  3  inches  high,  with  ferrous  chloride  solution 
of  22°  B.  The  charge  was  IJ  tons.  The  solution  (1,500  gallons), 
which  stood  18  to  30  inches  above  the  level  of  the  crushed  ore,  was 
heated  by  means  of  steam  to  70°  C,  stirred  with  the  ore  for  8  hours, 
and  drawn  off  after  being  allowed  to  settle  for  4  hours.  Flat- 
bottomed  vats,  with  filters  composed  of  a  bed  of  sand  covered  with  a 
bed  of  coke,  were  also  used,  the  solution  being  in  this  case  allowed  to 
stand  for  four  days  on  the  ores. 

Solution  of  Chloride  of  Copper 

Chloride  of  copper,  produced  from  sulphide  in  the  wet  way  by 
means  of  ferric  chloride  (by  the  Dotsch  process)  is  brought  into 
solution  by  repeatedly  watering  the  heaps  with  ferric  chloride 
solution,  as  has  been  described  under  the  head  of  that  process  at 
Rio  Tinto  (see  p.  294).  The  solution  that  flows  from  the  heaps 
there  contains  8  5  to  12  lbs.  of  copper  to  the  cubic  yard. 

Chloride  of  copper  produced  in  the  wet  way  by  means  of  ferrous 
chloride  and  hydrochloric  acid,  as  at  Stadtberge,  is  leached  in  wooden 
tanks  of  the  same  construction  as  are  used  for  saturating  the  ore  with 
the  chloridising  solution.  The  leaching  liquor  is  allowed  to  stand 
2  to  4  inches  above  the  level  of  the  ore ;  12  to  16  lixiviations  are 
employed,  each  one  lasting  24  hours.     The  actual  solvent  is  the  final 
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mother  liquor,  to  which  a  certain  amount  of  hydrochloric  acid  is 
added  in  the  proportion  of  165  lbs.  of  acid  to  each  5  tons  of  ore.  The 
liquor  used  for  fresh  ore  is  the  liquor  that  runs  off  when  the  ore  is 
being  saturated  with  ferrous  chloride  and  hydrochloric  acid.  This 
contains  sufficient  free  acid  to  dissolve  the  oxychlorides  of  copper 
contained  in  the  ore ;  it  is  saturated  after  24  hours'  action.  It  is 
then  drawn  off,  and  a  solution  run  on  that  has  stood  once  over 
almost  exhausted  and  once  over  half-exhausted  ores.  The  first  four 
liquors  are  precipitated  directly,  the  amount  of  copper  in  these 
solutions  being  as  follows  : — 

First  liquor  .     .     .  2,100  to  2,800  grains  per  gallon. 

Second  „  ...  1,400  „  1,750       „ 

Third     „  ...  1,050  „  1,400      „ 

Fourth  „  ...  700  „  1,050       „ 


The  following  liquors,  which  generally  receive  a  second  addition 
of  hydrochloric  acid,  are  enriched  as  regards  their  copper  contents 
before  they  are  precipitated.  There  is  0*4  per  cent,  of  copper  left 
behind  in  the  ores.  After  li^iviation  they  are  again  treated  with  a 
cemented  cupriferous  solution,  to  remove  the  last  soluble  particles  of 
copper  from  them. 

The  solution  of  chloride  of  copper,  that  has  been  produced  in  the 
dry  way,  is  performed  in  tanks  or  vats  of  wood,  the  joints  of  which 
are  made  good  with  red  lead  or  taired  hemp,  and  the  entire  structure 
painted  w^ith  hot  tar.  At  Oker  the  tanks  are  lined  with  sheet  lead. 
These  vessels  hold  5  to  10  tons ;  when  tanks  are  used,  they  are 
usually  about  11  feet  square,  and  4  feet  to  5  feet  3  inches  deep. 
The  false  bottom  is  usually  made  of  perforated  planks,  resting  upon 
boards  placed  on  edge ;  upon  this  there  is  generally  a  filter  of  coke 
or  of  sifted  ashes  covered  with  a  layer  of  heather,  or,  as  was  the 
case  at  Oker,  a  single  layer  of  straw. 

The  floor  of  the  leaching  and  precipitating  house  is  asphalted 
and  laid  on  a  slope,  so  that  any  solution  leaking  from  the  tanks 
may  be  collected  in  special  receivers.  The  solutions  are  run  through 
clay  or  indiarubber  tubes,  the  latter  of  which  may  be  closed  by 
pinchcocks.  The  solution  is  transferred  from  one  vessel  to  another 
by  means  of  injectors. 

The  calcined  ore  is  thrown  hot  into  the  leaching  vessels,  and 
treated  successively  with  weaker  liquors,  or  with  mother-liquors  from 
which  the  copper  has  been  precipitated,  then  with  hot  water  as  a 
rule,  and  finally  with  the  acid  water  from  the  coke  towers  in  order  to 
dissolve  cupric  oxide  and  cuprous  chloride ;  if  there  is  not  sufficient 
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of  the  latter  solvent,  dilute  hydrochloric  or  sulphuric  acid,  that  would 
then  have  to  be  bought,  must  be  used.  Generally  there  are  three 
lixiviations  with  water,  and  six  with  dilute  acids.  The  various  weak 
liquors  are  run  on  to  copper-bearing  ores  until  they  have  dissolved 
a  certain  amount  of  copper  and  are  neutral.  The  liquors  should  not 
remain  too  long  on  the  ore,  if  possible  only  a  few  hours. 

At  Oker,  the  leaching  tanks  held  5  tons  of  calcined  ore;  the 
first  lixiviation  was  with  end-liquor,  which  dissolved  the  cupric 
chloride,  and  by  virtue  of  its  contents  of  alkaline  chlorides  and 
ferrous  chlorides,  also  the  silver  existing  as  silver  chloride  and  a 
great  part  of  the  cuprous  chloride.  The  original  solution  had  a 
density  of  18°  B.  and  contained  in  100  parts : — 

Cu 0015 

Pb trace 

Fe203 015 

AI2O3 Oil 

ZnO 0.06 

MnO 0-31 

CoOandNiO 001 

MgO  0-52 

Alkalies 2  61 

CI 2-56 

SO3 5-89 

This  liquor  was  allowed  to  percolate  through  the  ore  as  long  as 
the  escaping  fluid  still  showed  any  blue  colour.  The  first  lixiviation 
was  finished  in  4  or  5  hours ;  100  parts  of  the  copper  liquor  thus 
produced,  contained  : — 

Cu 3-71 

Pb 0-01 

Ag 0005 

■^'^^^l 0-29 

FcjOsJ 

ZnO ,. 4-97 

MnO 0-58 

CoO  and  NiO 0-04 

MgO       027 

Alkalies 10-60 

CI 1256 

SO3 895 

As  and  Sb        trace 
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The  first  lixiviation  dissolved  75  to  80  per  cent,  of  the  copper. 
For  the  second,  the  acid  liquors  from  the  coke  tower  were  used; 
these  were  raised  to  the  boiling  point  by  the  introduction  of  steam, 
and  were  then  allowed  to  act  for  24  hours  upon  the  ore.  The  opera- 
tion was  then  finished  with  sulphuric  acid  diluted  to  8°  B., 
2J  cwts.  of  chamber  acid  at  50°  B.  being  used  for  each  5  tons  of 
ore.  This  last  solution  was  allowed  to  stand  over  the  ores  until  it 
gave  a  neutral  reaction,  in  consequence  of  its  neutralisation  by  the 
various  bases,  which  generally  occurred  after  2  days. 

This  last  solution  contained  in  100  parts  : — 

Cu      . 0-58 

Fe^Oj  and  A]fi^ 213 

ZnO 006 

MnO       012 

CoOandNiO 002 

CaO        007 

MgO 004 

Alkalies 062 

CI ;  013 

SO3 2-39 

The  residues  after  leaching,  being  very  rich  in  iron,  were  used  as 
flux  in  the  lead  works  of  the  Upper  Harz,  whereby  the  small  amount 
of  copper  still  left  in  them  was  extracted.  The  following  was  the 
composition  of  these  residues  at  Oker  : — 

Fe^O,       79  per  cent. 

AlA        . 3 

MgO  and  alkalies       .....  1 

CaO 2-5 

SO3 55 

Insoluble  residue 6 

Generally  such  residues,  known  as  "  purple  ore  "  or  "  blue  billy," 
are  used  when  not  too  impure  as  iron  ores  in  the  blast  furnace.  On 
account  of  their  pulverulent  condition  they  can  only  be  used  in 
admixture  with  true  iron  ores  in  relatively  small  proportions.  Quite 
recently  they  have  been  utilised  as  ores  in  block  form  ;  the  residues 
are  ground  with  4|  to  6  per  cent,  of  clay  in  edge  runners,  moulded  by 
hand  into  bricks,  dried  and  fired  in  kilns,  whereby  a  coherent  block 
is  produced.     Large  quantities   of  purple  ore  have  been  used  for 
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fettling  puddling  furnaces;   its  composition   is  shown  by  the  two 

following  analyses  : — 

I.  II. 

9510 

018 

007 


Fefi, 

90-61 

Cu 

015 

S       

0-08 

P       

PbSO,       .    .    .    , 

1-46 

CuSO,       .    .    . 

0-37 

NaSO,       .    .    .    , 

0-37 

NaCl 

0-28 

Insoluble    .     .     . 

6-30 

99-62 

Metallic  iron  .     .     . 

63-42 

1-29 
049 
029 

2-13 

99-55 
66-57 


At  the  works  of  the  Pennsylvania  Salt  Manufacturing  Co.^  the 
leaching  vats  are  13  by  12  by  4  feet,  and  are  made  of  three-inch 
planks.  They  are  fitted  with  similar  inner  sides,  at  a  distance  of 
three  inches  from  the  outer  ones,  the  space  between  being  filled  with 
a  mixture  of  boiled  tar  and  sand.  The  same  mixture  is  laid  on  the 
floor  three  inches  thick.  Above  this  comes,  laid  in  cement,  a  layer  of 
acid  proof  stones  soaked  in  tar,  and  upon  these  are  laid  close  together 
2  by  2  inch  staves,  covered  with  a  filter  of  hay  or  small  coke. 
Leaching  is  carried  out  with  weak  liquor,  water  and  acid  from  the 
coke  towers.  When  the  liquor  has  a  density  18°  B.  it  is  run  off  into 
settling  tanks  (12  by  12  by  6  feet),  where  it  deposits  chiefly  lead 
sulphate  containing  a  little  gold. 


C.  THE   PRECIPITATION   OF   COPPER   FROM    ITS  SOLUTIONS 

The   precipitation   of   copper  from   solutions  has  already  been 
treated  of  on  page  280,  and  needs  but  few  additional  remarks  here. 

Froyn  Cupric  Sulj^hate 

At  Rio  Tinto  the  sulphate  liquors  pass  first  into  settling  tanks, 
and  then  into  cemented  and  asphalted  tanks  of  masonry,  49  feet 
long,  6  feet  wide  and  3  feet  3  inches  deep ;  eight  or  ten  of  these  tanks 
are  so  grouped  together  that  the  solution  traverses  them  one  after 
another.  From  these  tanks  it  runs  through  inclined  troughs,  3  feet 
3  inches  to  6  feet  6  inches  wide,  1  foot  4  inches  to  1  foot  8  incfaesj 

*  Op,  ciU 
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deep,  and  some  miles  in  length.  These  troughs  are  built  like 
the  tanks  of  masonry  and  cemented  inside.  Their  inclination  at  the 
commencement  is  0'3  to  04  per  cent.,  but  ultimately  becomes  as 
much  as  1*5  to  2  per  cent.  These  precipitating  troughs  and  tanks  are 
filled  with  pigs  of  iron ;  after  traversing  this  system,  the  solution 
escapes  at  the  end  of  the  line  of  troughs,  free  from  copper.  As  much 
of  the  escaping  mother-liquor  as  is  required  is  pumped  back  on  to 
the  ores  that  are  undergoing  lixiviation,  by  means  of  pumps  con- 
structed of  an  alloy  of  80  parts  of  copper,  15  of  lead,  and  5  of  tin. 

It  is  evident  that  in  this  method  of  precipitation,  the  consumption 
of  iron  must  be  very  high  owing  to  the  formation  of  ferric  salts,  and 
that  the  cement  copper  must  be  greatly  contaminated  with  basic 
salts  of  iron.  The  consumption  amounts  to  2  J  tons  of  pig-iron  to  the 
ton  of  copper.  The  cement  copper  after  repeated  cleansings  only 
contains  60  to  85  per  cent,  of  copper.^ 

At  the  Tharsis  works  in  Spain,  the  liquors  are  filtered  through 
ore-smalls,  to  reduce  the  ferric  salt,  and  are  then  collected  in  settling 
tanks.  Thence  they  flow  through  precipitating  troughs  and 
are  there  treated  with  pig  iron.  The  troughs  are  made  of  wood 
soaked  in  creosote  ;  they  are  33  inches  wide  and  9  inches  deep,  and 
are  arranged  in  quadruple,  triple  and  double  rows.  The  rate  of 
flow  of  the  liquor  increases  with  diminishing  copper  content.  This 
farthers  the  precipitation  of  the  copper,  and  is  brought  about  by 
giving  the  first  half  of  the  troughs  a  slope  of  1  in  200,  the  following 
quarter  1  in  100,  and  the  last  quarter  1  in  50. 

A  mile  in  length  of  troughs  is  charged  with  ^  ton  of  iron.  The 
pigs  are  27^  inches  long,  weigh  331bs.  and  contain  94  per  cent,  of 
iron.  In  a  year  1  ton  of  copper  (refined)  is  yielded  by  a  mile  of 
troughs.     The  total  length  of  the  troughs  is  384  miles. 

The  composition  of  the  liquor  before  and  after  the  precipitation 
is  as  follows : 

Before  precipitation  After  precipitation 

(grains  per  gaUon).  (grains  per  gallon). 

Cu 227-8  0-841 

Fe(asFeO)   .     .     .  14805  18114 

FeCasFe^O,)     .     .  33  65                       

SO4       1380-9  1331-9 

As 11-22  5-748 

According  to  this,  half  of  the  arsenic  is  thrown  down  in  the 
troughs.  The  copper  is  removed  from  a  definite  length  of  troughs  every 

'  Knab,  op,  cit,  p.  141. 
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day,  about  34  yards  being  cleaned  by  a  workman  in  one  day.  The 
cement  copper  is  washed  in  a  sloping  trough,  the  scales  and  heavier 
grains  remaining  at  the  head  of  the  trough,  whilst  the  finer  particles 
are  carried  on  and  collect  in  another  trough  and  in  a  set  of  receivers 
connected  with  it.  The  scales  are  collected  in  heaps,  dried,  and 
packed  in  sacks  for  export.  The  grains  are  pressed  into  cylinders  of 
22  lbs.  weight,  dried  and  packed.  The  finer  dust  is  least  pure.  It 
is  collected  and  burnt  to  free  it  from  the  greater  part  of  the  arsenia 
Of  the  whole  precipitate,  72  per  cent,  is  in  scales  containing  92*5 
per  cent,  of  copper;  12  per  cent,  is  in  the  cylinders  containing  785 
per  cent,  of  copper,  and  16  per  cent,  in  the  dust  which  contains 
48*3  per  cent,  of  the  metal.  The  average  composition  of  the  whole 
is  81  per  cent,  of  copper  and  28  per  cent,  of  oxide  of  iron 
containing  arsenic  ;  the  remainder  consists  of  graphite  from  the  iron, 
silica,  &c. 

One  part  of  copper  requires  1^  parts  of  iron  for  its  precipitatioa 
In  this  connection  it  should  be  mentioned  that  arsenic  requires  IJ 
times  its  weight  of  iron  to  precipitate  it,  and  furthermore  that  the 
iron  used  contains  6  per  cent,  of  impurities. 

To  control  the  precipitation,  the  liquors  entering  the  vats  are 
measured  and  analysed.^ 

At  Agordo  the  liquors  containing  sulphates  were,  in  accordance 
with  a  suggestion  of  Zoppi,  treated  before  precipitation  with  sulphur- 
ous acid,  so  as  to  reduce  the  ferric  to  ferrous  salts.  The  consump- 
tion of  iron  for  precipitation  was  thus  lessened,  2*5  parts  to  1  of 
copper  being  required  instead  of  3*27.  Moreover,  arsenic  acid  was 
reduced  to  arsenious  acid,  from  which  iron  precipitates  metallic 
arsenic,  which  could  be  removed  from  the  copper  by  washing.  The 
solution  to  be  thus  treated  was  allowed  to  trickle  down  a  stack,  30 
feet  high,  placed  above  the  precipitating  tanks,  and  provided  with 
horizontal  partitions,  up  which  gases  from  the  shaft  furnaces  are 
allowed  to  ascend. 

The  objection  to  this  process  is  that  sulphurous  acid,  by  the 
reduction  of  ferric  to  ferrous  salts,  becomes  itself  converted  into 
sulphuric  acid,  which  in  its  turn  dissolves  the  iron.  The  consumption 
of  iron,  when  this  method  is  used,  namely  2  J  parts  to  1  of  copper,  is 
still  high,  and  the  process  has  accordingly  not  been  further  employed. 

The  precipitating  tank  is  made  of  larch  wood,  13  feet  long,  10 
feet  wide  and  5  feet  high.  The  solution  is  heated  l)y  the  heated 
gases  produced  in  a  fireplace  consisting  of  a  bell  inside  the  pre- 
cipitating tank  provided  with  a  fire  grate ;  the  bell  is  made  of  sheet 

'  Courtney,  loc.  cit.  p.  54. 
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lead  on  an  iron  frame ;  the  products  of  combustion  traverse  iron  pipes 
and  boxes  that  pass  through  the  precipitating  tank. 


Precipitation  from  Solutions  of  Chloride  of  Copper 

Copper  is  precipitated  from  solutions  that  contain  it  as  chloride 
by  means  of  iron  ;  sulphuretted  hydrogen  was  only  used  for  a  short 
time.  The  more  cuprous  chloride  the  solutions  contain,  the  less 
proportionately  is  the  consumption  of  iron,  thus : — 

CuClg  +  Fe  =  FeClg  +    Cu 
CujClg  +  Fe  =  FeClg  +  2Cu 

If  the  ores  originally  contained  silver,  this  will  also  be  in  solution 
as  chloride,  chloride  of  silver  being  soluble  in  brine ;  the  silver  is 
thrown  down  at  first  with  the  copper  and  can  be  extracted  if  the 
cement  copper  first  precipitated  is  collected  separately.  Or  else  it 
may  be  thrown  down  before  the  copper  by  means  of  sulphuretted 
hydrogen,  sulphides  of  the  alkalies  or  alkaline  earths,  or  by  iodide  of 
potassium  or  .sodium,  as  sulphide  or  iodide  as  the  case  may  be. 

At  Rio  Tinto  the  precipitating  tanks  are  of  brick,  lined  with 
plaster  of  Paris  and  inside  this  with  asphalt  or  Portland  cement ;  they 
are  6  feet  6  inches  wide  and  2  feet  6  inches  deep.  The  solutions 
traverse  a  series  of  these  tanks.  The  consumption  of  iron  is  1'12 
parts  to  1  of  copper,  and  the  resulting  cement  copper  contains  80  to 
85  per  cent,  of  metal. 

At  Stadtberge,  the  copper  is  precipitated  by  means  of  iron  in  the 
manner  described  on  page  283.  The  solution  must  be  clear  and 
feebly  acid;  when  it  is  neutral,  the  precipitation  is  slow  and  the 
cement  copper  produced  is  slimy,  whilst  if  very  acid,  the 
consumption  of  iron  is  high.  The  iron  is  used  in  the  form  of  sheet 
clippings  and  there  must  always  be  some  fresh  iron  put  in  with 
iron  that  has  been  partly  dissolved,  because  it  takes  some  time  before 
it  is  freed  from  the  layer  of  oxide  and  rust  that  covers  it.  It  is  there- 
fore added  at  frequent  intervals.  In  this  apparatus  from  318  to  424 
cubic  feet  of  solution  are  precipitated  in  15  to  24  hours ;  the  con- 
sumption of  iron  is  105  parts  to  100  of  copper.  The  silver  is  precipi- 
tated with  the  copper  and  its  precipitation  takes  place  in  the  first 
third  to  the  first  half  of  the  total  time  occupied.  This  circumstance 
is  made  use  of  in  order  to  obtain  cement  copper  rich  in  silver,  by 
running  the  solution,  after  the  silver  has  been  thrown  down  during 
the  first  half  or  third  of  the  time,  into  a  second  precipitating  tank,  in 
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which  the  further  precipitation  of  the  copper  ia  completed.    The 
copper  in  the  first  precipitation  tank  is  rich  in  silver. 

At  Oker  the  copper  was  precipitated  in  wooden  tanks  lined  with 
lead.  The  solutions  were  heated  by  live  steam  being  led  into  them 
in  order  to  hasten  the  precipitation  ;  they  had  to  be  boiled  up  2  or  3 
times  according  to  their  degree  of  concentration,  before  all  the  copper 


was  precipitated.  The  time  occupied  was  1  to  3  days,  according  to 
the  amount  of  copper  in  the  solutions.  Wrought-iron  was  used  for 
the  precipitation,  the  consumption  being  1  part  for  each  part  of  pure 
copper.  The  cement  copper  was  removed  from  the  precipitation 
tanks  every  four  weeks.  The  position  of  these  tanks  is  shown  in 
Fig.  231,  page  305. 

At  Natrona,  Alleghany  Co.,  Pa.,  the  precipitating  vats  are  12  bv 


12  by  6  feet  in  size.  A  wooden  grid  2  feet  above  the  bottom  of  the 
tank  carried  the  scrap  iron, 
and  the  precipitation  is  pro- 
moted by  blowing  live  ateam 
into  the  liquors.  The  cement 
copper,  after  washiog  on  sheet 
iron  strainers,  contains  90  per 
cent,  of  copper,  and  gold  and 
silver  to  the  extent  of  0'15 
and  35  ounces  per  ton  re- 
spectively. 

At  the  Bede  Metal  Works, 
the  copper  is  precipitated  by 
means  of  ground  iron  sponge; 
the  latter  is  made  from  the 
exhausted  ore  residues  by 
means  of  coal  in  reverberatory 
furnaces.  The  reduction  takes 
place  at  so  low  a  temperature 
that  the  iron  does  not  be- 
come fluid,  but  separates  out 
as  a  spongy  mass.  The  fur- 
nace, which  is  shown  in  Figs. 
243  to  245,^  has  three  divi- 
sions formed  by  means  of 
brick  partitions,  o,  each  of 
which  is  charged  separately. 
The  flame  which  is  rendered 
as  reducing  as  possible  by 
means  of  a  deep-lying  fire- 
grate, first  passes  over  these 

divisions,    which     are     open 

above,  and  then  traverses  5 

flues   below  the   bed  of  the 

furnace  in  order  to  heat  them 

from  below.     The  charge  for 

each    division    ia    1    ton   of 

purple  ore  and  6  cwts.  of  coals 

that  have  passed  through  a 

sieve  of  8  meshes  to  the  inch. 
'  Lunge,  Soda- liidiiitrie,  pp.  iiTI- 
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This  is  charged  through  apertures  /  in  the  roof,  spread  out  so  as 
to  form  a  layer  6  inches  deep  on  the  bed,  and,  after  reduction  Is 
complete,  the  product  is  raked  through  vertical  flues  k  opening 
in  the  bed  of  the  furnace,  and  which  are  kept  closed  during 
the  operation.  They  are  situated  close  to  the  working  doors  h. 
The  reduced  ore  is  received  in  iron  boxes  placed  under  these 
flues,  and  capable  of  being  closed  tightly.  The  time  occupied  by 
the  reduction  at  a  full  red  heat  is  9  to  12  hours  in  the  division 
nearest  the  firebridge,  18  hours  in  the  next,  and  24  hours  in  the 
last.  The  charge  must  be  stirred  during  the  operation  to  keep  it 
from  fritting  together.  The  doors  of  the  furnace  must  be  shut  air- 
tight during  the  reduction  so  tliat  all  air  enters  through  the  grate. 
The  reduced  ore  is  allowed  to  cool  for  48  hours  in  the  iron  receivers, 
which  are  closed  air-tight.  The  sponge  is  then  ground  under  heavy 
edge  runnei-s. 

The  sponge  is  continually  stirred  in  the  copper  liquor,  this  stirring 
being  performed  by  hand  labour,  mechanical  stirrers,  or  a  blast  of  air. 

Precipitation  by  iron  sponge  is  open  to  the  objection  that  the 
cement  copper  produced  is  contaminated  by  unreduced  oxide  of  iron, 
coal  ashes  and  coal.   It  has  therefore  not  been  applied  in  other  places. 

At  the  Bede  metal  works,  the  copper  was  also  for  some  time 
precipitated  as  sulphide  by  means  of  sulphuretted  hydrogen  according 
to  a  method  of  Gibb.  The  sulphide  of  copper  produced  was  washed 
in  a  filter-press  and  compressed,  and  then  smelted  like  rich  matte  in 
reverberatory  furnaces,  that  is  to  say,  it  was  smelted  for  whit«  metal 
and  blister  copper.  The  sulphuretted  hydrogen  was  produced  by 
treating  sulphide  of  sodium  with  carbon  dioxide,  generated  by  burning 
coke  in  a  shaft  furnace.  The  sulphide  of  sodium  was  made  from  the 
acid  mother-liquor  from  which  the  sulphide  of  copper  had  been 
precipitated  by  evaporating  it  to  dryness  in  a  reverberatory  furnace, 
mixing  the  residue  with  coal-dust  and  reducing  it  in  a  similar 
furnace.  The  molten  product,  consisting  of  sulphide  and  carbonate 
of  soda,  was  leached,  and  the  solution,  as  stated  above,  treated  with 
carbon  dioxide,  carbonate  of  soda  being  a  bye-product  of  this  process. 
It  has,  however,  been  given  up,  because  it  came  dearer  than  precipi- 
tation by  iron. 

The  following  analyses  show  the  composition  of  cement  copper:— 

Precipitated  from  sulphate  solutions : — 

Agordo.  Agordo. 

Cu 57-95  CaO       ....  180 

FcjOg    ....  10-95  As 4-93 

ZnO       ....  1-78  Water   ....  383 

AlgOs     ....  0-33  Insoluble    .     .     .  1210 
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Rio  Tinto. 

Rio  Tinto. 

Cu     .     . 

.    .    .     51-90 

S 

510 

Ag     .      .      , 

,     .     .      2-35 

CaO 

0-60 

Pb    .    .     , 

.     .      1-45 

NaCl      .     .     .     . 

0-40 

Bi     .    .     . 

.     .      4-95 

Na^SO,  .     .     . 

1-40 

Fc     .     .     . 

.     .      700 

Sand       .     .     .     . 

500 

Sb     .     .     . 

.     .      0-50 

Carbon  .     .     .     , 

6  40 

As     .     . 

.     .    .      2-95 

Oxygen  and  loss 

.    16  00 
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Precipitated  from  chloride  solutions : 


English  cement  copper  (according  to  Gibb)  precipitated  by 
Iron  sponge.       Heavy  scrap.  Light  scrap. 

72-50  .  .  67-50 

0-306  .  .   0-100 

0046  .  .   0 066 

2-60  .  .   1-74 

4-41  .  .   7  56 


Cu 

•         • 

.     .     67-50     .    '. 

As 

•         • 

.     .      0-137  .     . 

Ag 

•         • 

.     .      0011  .     . 

Pb 

•         * 

.     .       1-30     .     . 

FeA 

.     .      515     .     . 

C    . 

•         • 

.     .      5-10     .     . 

• 

SiO, 

■         • 

.     .      320     .     . 

Wittkowilz 

(Moravia). 

Cu    .     . 

69-45 

Ag    . 

0-521 

Au 

trace 

Bi      . 

0-17 

Pb    . 

1-50 

As 

1-45 

Fe     .     . 

2-77 

Co     . 

0-13 

Ni    .     . 

0-03 

Zn     .     . 

036 

SO,.     . 

5-93 

CI     .     . 

i 

1-22 

PA 

0-20 

Na,0    . 

1-48 

CaO      . 

2-19 

MgO     . 

0-28 

Water  . 

2-98 

O  combi 
mel 

Dec 

I  with 

•          • 

-  8-98 

Oker 
(Precipitated  by  wrought  iron). 

Cu 77-45 

Pb 0-68 

Ag 0-10 

Bi 0006 

As 004 

Sb 015 

Fe.Oj    ....  6-72 

AI2O3    ....  0-99 

Zn 102 

Mn 0-02 

Co  +  Ni      .     .     .  0-03 

MgO  +  Alkalies  .  2  71 

SO.^ 4-58 

CI 119 

Insoluble   .     .     .  061 

O,  moisture   and  \  o./»k^ 

loss     .     .     .  J  * 
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d.      CONVERSION    OF    COPPER    PRECIPITATE    (CEMENT    COPPER) 

INTO    MERCHANTABLE    COPPER 

Cement  copper  is  a  mixture  of  metallic  copper  with  basic  salts  of 
iron,  particles  of  iron,  graphite,  and  at  times  silica,  antimony,  arsenic 
and  arseniate  of  iron. 

It  is  freed  as  far  as  possible  by  washing  from  these  inpurities, 
when  a  portion  of  the  copper  generally  passes  into  the  slimes.  When 
the  washed  cement-copper  is  pure,  it  may  be  refined  direct,  otherwise 
it  is  smelted  in  a  reverberatory  furnace  for  blister  copper,  and  then 
refined. 

Refining  of  cement  copper  is  identical  with  the  refining  of  coarse 
copper  produced  in  the  dry  way.  Very  impure  cement  copper,  such 
especially  as  is  obtained  from  acid  solutions,  as  well  as  the  copper- 
bearing  slimes,  are  sometimes  smelted  for  matte  with  the  addition  of 
raw  ores.  When  cement  copper  is  smelted  in  England  for  blister 
copper,  the  slag  is  skimmed  as  soon  as  the  charge  is  melted,  and  the 
copper  ladled  into  sand  moulds. 

If  the  copper  contains  a  large  quantity  of  carbonaceous  matter,  as 
is  the  case  when  it  is  thrown  down  by  iron  sponge,  it  must  first  be 
heated  to  redness  with  access  of  air  before  being  melted,  so  as  to 
burn  out  the  carbon,  whilst  a  portion  of  the  copper  is  oxidised.  This 
kind  of  calcination  is  also  used  with  copper  that  contains  much  arsenic 
as  at  Rio  Tinto,  in  order  to  remove  a  portion  of  this  substance  in  the 
form  of  arsenic  oxide. 

For  smelting  cement  copper  containing  arsenic  for  black  copper  in 
reverberatory  furnaces,  basic  lined  beds  have  been  recommended. 
As  has  already  been  mentioned  under  the  corresponding  dry  method, 
less  copper  is  thus  slagged  off,  whilst  the  bed  lasts  longer. 

At  Atvidaberg.  cement  copper  is  smelted  to  coarse  copper  in 
reverberatory  furnaces  fired  by  gas. 

At  Sbadtberge,  the  cement  copper  is  washed  in  a  wooden  drum  10 
feet  long  and  4  feet  in  diameter,  provided  inside  with  wooden  cleats 
arranged  in  a  spiral,  through  which  passes  a  stream  of  water  in  the 
opposite  direction  to  that  taken  by  the  cement  copper ;  the  escaping 
slimes  are  caught  in  settling  tanks.  Two-thirds  of  pure  cement 
copper  with  90  to  95  per  cent,  of  copper,  and  slimes  with  10  to  25  per 
cent,  of  copper,  are  produced.  In  10  hours,  5  tons  of  cement  copper 
can  be  cleaned  in  this  apparatus.  The  cement  slimes  are  agglomerated 
with  quicklime  and  smelted  for  black  copper  in  low  shaft-furnaces ; 
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to  3  tons  of  prepared  slimes  ^  ton  of  refinery  slags  and  j  ton  of 
slags  from  smelting  cement  slimes  are  added.  The  black  copper  thus 
produced  is  refined  together  with  the  washed  cement  copper  in  a  refin- 
ing furnace  fired  by  gas.  The  charge  is  2^  to  3  J  tons  of  cement  copper 
and  1^  to  2  J  tons  of  black  copper,  which  is  worked  oflF  in  24  hours 
with  a  consumption  of  30  to  36  cwts.  of  coal,  and  2^  to  3  cwts.  of 
charcoal.  The  argentiferous  copper  is  cast  in  the  form  of  anode  plates, 
and  the  silver  and  copper  parted  by  electrolysis. 

EXTRACTION  OF  COPPER  IN  THE  WET  WAY  FROM  FURNACE  PRODUCTS 

This  operation  is  generally  a  part  of  the  processes  for  obtaining 
silver  and  gold  and  will  be  considered  under  the  head  of  silver.  By 
the  wet  way,  copper  is  obtained  from  sulphides,  speiss  and  alloys, 
not  in  the  form  of  metal,  but  of  salts. 

The  Extraction  of  Copper  by  Electro-Metallurgical 

Methods 

Since  the  introduction  of  dynamos  in  1871,  vigorous  efforts  have 
been  made  to  utilise  the  electric  current  in  the  extraction  of  copper 
from  ores  and  furnace  products,  and  attention  has  been  till  now 
directed  exclusively  to  wet  methods.  Hitherto  no  experiments  on 
dry  processes  with  definite  results  have  been  published.  Such  im- 
portant technical  and  economic  results  have,  however,  been  attained 
in  the  extraction  of  copper  from  its  alloys,  more  especially  with  gold 
and  silver,  that  many  works  have  adopted  this  method  for  the  separa- 
tion of  copper  from  the  precious  metals  with  the  simultaneous  pro- 
duction of  extRwrdinarily  pure  copper.  For  ores  and  mattes,  on  the 
other  hand,  success  still  remains  to  be  hoped  for.  Very  ingenious 
methods  have  been  proposed  by  Siemens  and  Hopfner  for  the  treat- 
ment of  ores  and  sulphides,  but  in  spite  of  the  proofs  that  these 
methods  are  technically  capable  of  execution,  nothing  is  yet  known 
about  their  continuous  working  on  a  large  scale.  The  treatment  of 
mattes  by  means  of  electrolysis  has  not  yet  led  to  encouraging 
practical  results. 

At  present,  therefore,  a  conclusive  judgment  can  only  be  pro- 
nounced on  the  electrolysis  of  alloys.  This  should  be  favoured  when- 
ever copper  has  to  be  separated  from  the  precious  metals,  where  a 
good  price  can  be  got  for  the  copper,  and  where  power  for  driving  the 
dynamos  is  cheap.  It  could,  however,  only  be  justified  as  a  method 
for  the  purification  of  copper,  that  is  to  say,  for  refining  it  without 
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extracting  precious  metals  at  the  same  time,  if  electrolytic  copper 
commanded  a  specially  high  price — ^as  is  not  the  case  at  present. 

The  possibility  of  the  profitable  extraction  of  copper  from  ores  and 
mattes  by  electrolysis,  requires,  as  already  said,  to  be  demonstrated  by 
working  on  a  large  scale  for  a  considerable  period  of  time. 

We  have  now  to  distinguish  : — 

(a).  Extraction  of  copper  from  ores. 
(h).  Extraction  of  copper  from  mattes. 
(c).  Extraction  of  copper  from  alloys. 

(a)  the  extraction  of  copper  from  ores 

Under  this  head  the  processes  of  Siemens  and  Halske  and  of 
Hopfner  have  to  be  noticed.  Both  depend  on  the  employment  of 
insoluble  anodes,  upon  the  preparation  of  the  copper  solutions  from 
the  ores  outside  the  circuit,  and  upon  partially  counteracting  the  back 
electromotive  force  of  the  current,  produced  by  the  decomposition  of 
the  copper  solution  by  the  current,  by  means  of  the  secondary  action 
of  the  anion  upon  the  electrolyte.^ 

The  action  of  soluble  anodes,  by  the  solution  of  which,  as  is  well 
known,  back  electromotive  force  is  more  or  less  neutralised,  is  here 
replaced  by  the  higher  oxidation  or  chlorination  of  the  electrolyte 
surrounding  the  anode,  by  means  of  the  anion,  oxygen  or  chlorine, 
as  the  case  may  be.  In  both  methods,  sulphide  of  copper  or  copper- 
bearing  ores  are  dissolved  in  special  leaching  vessels  outside  the 
electric  circuit.  In  the  Siemens  and  Halske  method,  the  solution  is 
conveyed  first  to  the  cathodes  of  the  circuit,  where  the  copper  is 
deposited,  and  then  it  passes,  partly  freed  from  copper,  to  the  anode, 
where  it  is  regenerated  so  as  to  act  as  a  solvent.  In  Hopfner's 
method  a  separate  solution  of  copper  is  conveyed  to  both  the  cathode 
and  the  anode ;  copper  is  deposited  at  the  former,  whilst  the  solvent 
is  regenerated  at  the  latter. 

The  Siemetis  aiid  Halske  Process 

In  this  process,^  the  copper  in  ores,  that  contain  it  as  sulphide,  is 
dissolved  by  a  solution  of  ferric  sulphate  containing  free  sulphuric 
acid,  in  accordance  with  the  equation  : — 

a^H^SO, + CugS  +  2Fe2(S04)3  =  2CuS0^ + 4FeS0^ + S + xB^O,. 

^  Schnabel,  Alhjem.  HUltenknnde,  p.  290. 

•-»  Imperial  German  Patent,  No.  42,243,  Sept.  14,  1886. 
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The  ferric  salt  is  converted  into  ferrous,  sulphur  being  at  the  same 
time  separated.  The  solution  thus  obtained,  which  consists  of  cupric 
and  ferrous  sulphates,  is  now  conveyed  into  the  bath,  and  first  to  the 
cathodes  of  the  current,  composed  of  sheet  copper,  and  which  are 
separated  by  a  non-metallic  diaphragm  from  the  anodes,  which  consist 
of  carbon.  This  diaphragm  is  necessary,  so  as  to  prevent  interference 
with  the  reactions  that  take  place  in  the  solutions  surrounding  anodes 
and  cathodes.  The  current  now  deposits  a  portion  of  the  copper  from 
the  cupric  sulphate  at  the  cathode,  whilst  the  acid  radical  SO^  passes 
to  the  anode.  The  solution,  deprived  of  a  portion  of  its  copper,  and 
containing  the  iron  in  the  ferrous  state,  flows  through  the  porous  dia- 
phragm into  the  anode  compartment,  in  which  the  ferrous  sulphate 
is  converted  into  neutral  ferric  sulphate,  Fe^iSO^)^,  by  the  anion,  SO^. 
The  entire  electrolytic  operation  is  expressed  by  the  equation  : — 

xR^O^  +  CuSO, + 2FeS0, = ^.H^SO,  +  Cu  +  Fej(S0,)3, 

so  that  tho  original  solvent,  a'HgSO^  +  FejCSO^)^,  is  reproduced  at  the 
anode.  This  solution  is  again  brought  into  contact  with  the  ores  to 
be  leached,  and  it  continues  thus  to  circulate,  as  long  as  it  is  not 
rendered  too  impure  by  taking  up  other  metals  from  the  ores. 

Owing  to  the  oxidation  of  ferrous  to  ferric  sulphate  at  the  anode, 
a  quantity  of  electrical  energy  equivalent  to  the  heat  of  combination 
developed  thereby  is  generated,  which  partly  counteracts  the  back 
electromotive  force  produced  by  the  decomposition  of  the  copper 
sulphate  at  the  cathode.  The  heat  of  combination  developed  for  1 
molecule  of  ferric  sulphate,  as  expressed  in  kilogram-calories,  is : — 

224-88  Fe,(S0j3 
-186-40  2FeS0^ 

+  38-48  Calories. 

« 

The  heat  of  decomposition  for  each  molecule  of  cupric  sulphate 
amounts  to  55-96  calories;  these  latter  appear  as  back  electromotive 
force,  and  are  diminished  to  17*48  cal.,  by  the  38  48  cal.,  derived  from 
the  oxidation  of  ferrous  to  ferric  sulphate,  and  which  act  in  the 
opposite  direction.  The  back  electromotive  force,  would,  therefore, 
only  amount  to  0*38  volt. 

Any  copper  contained  in  the  ore  is  also  dissolved  by  ferric 
sulphate. 

If  any  copper  is  present  as  oxide,  it  will  be  brought  into  solution 
by  the  free  sulphuric  acid  as  also  by  ferric  sulphate.  The  action  of 
the  latter  is  as  follows : — 

3CuO  +  Fe^CSOJa  =  3CuS0,  +  Fefi^, 
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Whilst  the  solution,  after  being  electrolysed  and  then  run  through 
the  ore,  will,  after  each  leaching,  show  the  same  quantities  of  copper 
sulphate,  ferrous  sulphate  and  sulphuric  acid  when  the  copper  is 
present  as  sulphide ;  it  will  on  the  other  hand,  when  the  copper  is 
present  as  oxide,  show  a  progressive  impoverishment  in  iron  and 
sulphuric  acid,  together  with  an  increase  in  the  proportion  of  copper. 

To  avoid  back  electro-motive  force  it  is  therefore  most  advantage- 
ous that  the  copper  should  be  present  as  sulphide,  otherwise  fresh 
amounts  of  ferric  sulphate  and  sulphuric  acid  have  continually  to  be 
added  to  keep  the  solution  at  its  proper  average  strength. 

As  regards  the  practical  execution  of  the  process,  it  is  recom- 
mended to  calcine  lightly  ore  containing  sulphides  of  iron  and  copper 
before  it  is  leached,  so  as  to  convert  the  iron  chiefly  into  oxide 
whilst  the  copper  remains  for  the  most  part  unchanged  as  sulphide. 

The  Gerstenhofer  furnace  has  been  recommended  for  this  purpose, 
but  can  only  be  used  for  pyribic  copper  ores  and  then  converts  the 
larger  part  of  the  copper  into  oxide.  It  does  not,  moreover,  admit  of 
the  calcination  being  regulated  and  produces  much  flue  dust. 

The  ore  after  calcination  is  systematically  leached  with  the  ferric 
sulphate  solution ;  according  to  recent  experience,  the  copper  can  be 
dissolved  from  many  kinds  of  finely  ground  sulphuretted  copper  ores, 
even  without  previous  calcination,  if  the  solution  is  moderately 
warm.  Either  tanks  or  revolving  drums  can  be  used  as  leaching 
vessels.  The  solution  when  saturated  with  copper,  and  which  should 
then  be  free  from  ferric  sulphate,  is  conveyed  to  the  cathodes  of  the 
electric  circuit. 

In  order  to  divide  the  decomposing  cells  into  anode  and  cathode 
divisions,  membranes  were  at  first  used,  but  were  found  not  to  answer 
well,  as  they  either  opposed  too  great  a  resistance  to  the  current  or 
were  rapidly  destroyed,  were  apt  to  stretch, -and  allowed  the  solutions 
to  break  through  them. 

Another  form  of  decomposing  cell,  shown  in  Figs.  246  to  248,  was 
therefore  proposed.  The  bath  is  formed  of  a  shallow  wooden  tank, 
with  a  false  bottom  L,  upon  which  rests  the  anode  A  connected  to  the 
dynamo  by  means  of  an  insulated  conductor ;  the  anode  is  made  of 
retort  carbon  in  the  shape  of  plates  or  of  small  pieces,  the  latter 
contained  in  a  perforated  leaden  tray.  Above  the  anode  lies  the 
filter  R  made  of  felt  or  other  suitable  material.  The  cathode  division 
above  the  filter  contains  the  cathodes,  which  consist  of  a  series  of 
revolving  drums  K^,  Kg,  Kg,  K^,  covered  with  a  conducting  surface  of 
sheet  copper,  and  connected  by  means  of  copper  spindles,  with  the  con- 
ductor k,  which  latter  also  forms  an  electrical  conductor  between  the 
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various  drums.     These  latter  cad  be  slowly  rotated  by  means  of  the 

waterproof  cords  S. 

The  copper-bearing  solution,  which  forms  the  electrolyte,  enters 

tbe  cathode  division  in  such  quantity  that  the  drums  are  always  kept 

cuvered  by  it,  and  it  is 

kept  in  motion  by  the 

rotation  of  the    drums. 

It   passes    through    the 

filter  into  the  anode  divi- 

t'ion,    and    through    the 

false  bottom  of  the  latter 

into  the  ^ce  Z,  whence 

it  escapes  by  the  pipe  U. 

The  quantity  of  fluid  that 

escapes  is  equal  to  that 

which  enters,  so  that  the  ^ 

fluid  is  continuously  cir- 
culating    through      the 

hath. 

The  electric  current  n^^jumd  247. 

tii'jves  in    the    opposite  \    '-   J 

direction   to  that  of  the   solution.      It  'TOfce'iTS   the  anode  through 

in-sulated  conductors,  passes  thence  through  the  electrolyte  to  the 
cathode  drums,  from  which 
it  passes  by  the  conductor  k 
into  the  next  decomposing 
cell  or  from  the  last  cell  back 
to  the  dynamo.  At  the 
cathode  the  solution  loses 
about  J  of  its  copper  con- 
tents, whilst  a  correspond- 
ing quantity  of  SO3  -I-  O  is 
set  free.  The  solution,  thus 
deprived  of  its  copper,  passes 
through  the  filter  to  the 
anode,  where  the  anion  SO, 
reproduces  ferric  sulphate ; 
F,Q.  34s_  the  solution  of  this  salt  falls 

to  the  bottom  by  virtue  of 

its  high  specific  gravity  and  escapes  first  from  the  anode  division, 

i"  be  again  conducted  to  the  dissolving  vessels. 

Fresh  improvements  in  the  plant  have  recently  been  made  and 
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will  be  found  described  in  the  catal<^ue  of  the  Gruson  Company  at 
Magdeburg-Bruckau,  which  undertakes  the  erection  of  plant  for  this 
process. 

In  this,  the  anodes  consist  of  homogeneous,  round  bars  of  carbon 
apeciaHy  prepared,  109  of  which  are  connected  together  by  having  lead 
cast  round  them  so  aa  to  make  a  system  5  feet  3  inches  long  by  16 


inches  wide.  The  current  is  conveyed  to  it  by  a  strip  of  lead  cast  on 
to  one  end  of  the  leaden  casting.  Such  a  system  of  anodes  is  shown 
in  Fig.  249. 

The  baths,  whose  constructiou  is  shown  in  Fig.  250.  are  shallow 
wooden  tanks,  made  tight  by  a  lining  of  cloth  woven  of  jute  and 
covered  with  asphalt.  A  certain  distance  above  the  anode,  which 
litts  on  the  bottom  of  the  tank,  is  a  filter  of  linen  stretched  on  a 
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wooden  frame,  which  divides  the  bath  into  the  anode  division,  and 
the  cathode  division  above  it.  In  the  latter  lie  the  cathodes  occupy- 
ing the  entire  sur&ce  of  the  bath ;  they  consist  of  wooden  plates 
covered  underneath  with  a  thin  sheet  of  copper  upon  which  the 
I'lectrolytically  separated  copper  is  deposited.     Between  the   filter 


and  the  cathode  plates,  there  is  an  arrangement  (details  of  which  are 
not  given)  for  keeping  the  solution  in  movement  and  thus  keeping 
the  solution  about  the  anodes  thoroughly  mixed. 

The  copper  is  to  be  dissolved  out  of  the  ore  in  trough -shaped 
wooden  boxes,  lead-iined,  14  feet  9  inches  long,  2  feet  C  inches  wide 
and  3  feet  3  inches  high,  in  the  lower  portion  of  which  are  two 
stirrers  consisting  of  horizontal  square  steel  tubes  covered  -with  lead, 
to  which  wooden  paddles  are  attached.  The  bearings  of  these  tubes 
and  the  pulleys  for  driving  them  lie  outside 
the  troughs :  the  openings  in  the  ends  of  the 
latter,  through  which  the  spindles  pass,  are 
rendered  water-tight  by  special  arrangements. 
The  solution  is  heated  when  needed,  by  a 
leaden  pipe  running  above  the  tops  of  these 
agitators.  The  arrangement  of  these  dis- 
»>Ivjng  tanks  is  shown  in  Figs.  251  and  252. 

The  exhausted  ore  is  separated  from  the 
liquor  io  a  vacuum  fitter,  shown  in  Figs.  253  f,„,  ^-j, 

and  254.  This  consists  of  an  upper  wooden 
box,  lead-lined  and  open  above,  to  receive  the  ore  to  be  filtered,  and  a 
closed  lower  box  also  of  wood  and  lead-lined  ;  the  two  are  separated 
by  a  grating  which  carries  a  filter  cloth  resting  on  a  perforated  sheet 
of  metal.  By  means  of  an  air-pump  the  air  is  exhausted  from  the 
lower  box,  so  that  the  solution  is  forced  through  the  filter  by 
atmospheric  pressure,  whilst  the  ore  13  retained  in  the  upper  box.  The 
whole  apparatus  is  carried  on  trunnions  in  a  frame,  so  that  after  the 
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liquor  has  been  filtered  off,  the  ore  in  the  upper  box  can  be  tipped 
out. 

The  complete  plant  ia  shown  put  together  in  Fig.  255.  A  is  tbf 
storage  tank  for  the  solution  to  be  electrolysed ;  the  latter  passes 
through  the  pipe  B  into  the  bath  0,  flows  first  into  the  cathode 
division  k,  and  then  through  the  filter  into  the  anode  division  a, 
from  which  the  escape-pipe  I)  leads  it  to  the  pipe  G,  which  conducts 
it  into  the  solution  tank  JS.     Here  it  comes  in  contact  with  the  ore 


to  be  leached,  which  has  been  ground  in  the  ball-mill  £.  After  the 
copper  has  been  dissolved,  the  mixture  of  exhausted  ore  and 
liquor  runs  into  the  vacum  filter  A'.  The  solution  aspirated  through 
the  latter  is  again  conveyed  to  the  storage  tank  A  by  the  pipe  M. 

It  is  said  that  10  hours  are  required  for  dissolving  the  copper  out 
of  the  ores  down  to  0"1  to  05  per  cent. 

The  current  density  is  given  as  100  amperes  per  s<]Uare  yaid 
(i.e.   120  amperes   per  square   metre).     The  electromotive  force  is 
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1  volt.  To  calculate  the  energy  required  to  produce  1  kilogram 
(22  lbs.)  of  copper  in  1  hour  we  may  proceed  as  follows :  One  ampere 
yields  01817  gram  of  copper  or  8462  amperes  yield  1  kilogram. 
One  horse-power  equals  736  volt-amperea.  The  energy  needed  for 
precipitation  of  1  kilogram  of  copper  in  an  hour,  the  E.M.F.  being 
1  volt,  is  therefore 

846-2x1 

Allowing  for  a  loss  of  12  per  cent,  in  the  conversion  of  mechanical 


into  electrical  energy,  the  736  above  becomes  650  ;  and  allowing  for 
a  further  loss  of  25  per  cent,  for  heating  effects,  &c.,  the  calculation 
bfcomes 

846-2x1        ^,,  ^ 

650x0-75  =  ^'^^  *^P- 

If  the  electrical  enei^  be  generated  by  steam,  we  may  reckon 
IS  kil(^;rams  of  coal  per  hour  for  the  production  of  1  h,p. 
HcDce  26  kilograms  of  coal  would  be  needed  to  yield  1  kilogram  of 
copper. 

No  definite  opinion  can  yet  be  expressed  as  to  the  commercial 
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value  of  this  process;  before  this  can  be  done,  working  results 
on  a  large  scale,  extending  over  a  considerable  period,  must  be 
available. 

Hopf Tier's  Process^ 

In  this  method  a  solution  of  cuprous  chloride  in  sodium  or  calcium 
chloride  is  produced  outside  the  electric  circuit,  the  copper  being 
dissolved  from  the  sulphuretted  ores  by  means  of  cupric  chloride  in 
accordance  with  the  equation  : — 

CuClj + CuS  =  CugClg + S. 

The  solution  of  cuprous  chloride  in  sodium  or  calcium  chloride  is 
led  to  the  cathodes,  and  is  made  to  flow  over  a  whole  series  of  cathodes ; 
a  similar  solution  is  led  separately  to  the  anodes,  anodes  and  cathodes 
being  separated  by  diaphragms.  The  anodes  consist  of  carbon,  the 
cathodes  of  sheet  copper.  At  the  cathodes  the  cuprous  chloride 
solution  is  decomposed,  copper  being  deposited  at  the  cathode,  whilst 
chlorine  passes  to  the  anodes,  and  combines  there  with  the  cuprous 
chloride  to  form  cupric  chloride. 

By  the  conversion  of  cuprous  into  cupric  chloride,  a  certain 
quantity  of  electrical  energy  is  generated,  which  in  part  counteracts 
the  back  electromotive  force  produced  at  the  cathode  by  the  decom- 
position of  the  cuprous  chloride  solution.  Hopfner  estimates  this 
back  electromotive  force ^at  1*8  volts,  and  the  potential  generated  bv 
the  chloridising  of  the  cuprous  chloride  at  1  volt,  so  that  the  electii)- 
lysis  absorbs  a  potential  of  0*8  volt. 

The  solution  surrounding  the  cathodes  flows  past  them  un- 
interruptedly, and  leaves  the  bath  almost  free  from  copper;  the 
solution  surrounding  the  cathode  retains  its  copper,  but  the  cuprous 
is  converted  into  cupric  chlorida  The  latter  solution  also  flows  in  a 
continuous  stream  past  the  anodes  and  leaves  the  Ijath  as  a  solution 
of  cupric  chloride,  in  which  state  it  serves  to' dissolve  fresh  quantities 
of  copper  from  the  ores. 

The  copper  is  to  be  dissolved  out  of  the  ore  by  means  of  a  hot 
solution  of  cupric  chloride,  in  rotating  drums.  Any  sulphide  of  silver 
that  may  be  present  will  be  converted  into  chloride  and  dissolved  in 
the  liquor.  The  silvfer  is  best  precipitated  before  the  solution  is 
electrolysed ;  arsenic,  antimony,  bismuth,  iron,  etc.,  should  also  be 
first  thrown  down  by  cupric  oxide  or  caustic  lime. 

*  ZeiUchr,  fur  angewandte  Chemie,  1891,  p.  160;  Imperial  German  Patent  53,782. 
March  2,  1888. 
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With  a  potential  of  1  volt  and  a  precipitation  of  2*36  grams  of 
copper  by  1  ampere  (i.e.  double  the  quantity  given  for  cupric  salts 
above),  the  consumption  of  energy  per  kilogram  of  copper  works  out  as 

4231x1      .  .^  . 
650^)^75  =  ^"^^  *"•?• 

The  coal  consumption  per  kilogram  Cor  lb.)  of  copper  is  thus 
0  87  X 1-5  =  1-305  kilograms  (or  lbs.). 

With  a  potential  of  0*8  volt  and  a  suflScient  number  of  baths,  one 
horse  power  is  said  to  precipitate  96*8  lbs.  of  copper  in  24  hours, 
allowing  a  current  loss  of  10  per  cent. 

The  above  process  presents  the  advantage  of  high  efficiency  of 
the  electric  current,  because  twice  as  much  copper  is  deposited  from 
a  solution  of  cuprous  chloride  as  from  cupric  chloride  or  sulphate 
with  the  same  current,  and  the  further  advantage  that  silver  is 
dissolved  along  with  the  copper.  A  yet  further  advantage  is  said  to 
be  the  great  solvent  power  of  the  cupric  chloride  solution,  a  gallon 
of  which  is  stated  to  dissolve  1*5  lbs.  of  copper. 

According  to  Hopfner,  pyritic  ores  from  Rio  Tinto  with  3*37  per 
cent  of  copper,  yield  91  per  cent,  of  their  copper  and  only  3  per 
cent,  of  their  iron  in  4  hours.  As  disadvantages  may  be  counted, 
the  need  for  the  use  of  diaphragms,  the  very  fine  crushing  of  the  ores, 
and  the  filtration  and  washing  of  the  slimes. 

As  in  the  last  case  so  here,  no  definite  judgment  about  the  value 
of  this  process  caii  be  formed  until  the  results  of  its  working  on  a 
large  scale  for  a  considerable  time  are  known. 

(b)  extraction  of   copper   from   MATl'ES 

If  copper  matte  be  used  as  the  anode  of  an  electric  circuit,  an 
acid  solution  of  bluestone  as  the  electrolyte,  and  a  sheet  of  copper  as 
the  cathode,  the  copper  can  be  deposited  on  the  lat*ter,  whilst  sulphur 
remains  behind  at  the  anode,  and  iron  is  dissolved  as  ferric  sulphate. 
The  electric  energy  generated  at  the  anode  by  the  solution  of  the 
iron  and  copper  in  part  destroys  the  back  electromotive  force  due  to 
the  decomposition  of  the  copper  sulphate. 

The  method  of  Marchese  for  electrolysing  copper  matte  is  founded 
on  the  above  principles  ;  he' uses  an  anode  of  copper  matte  containing 
iron  and  an  electrolyte  produced  by  treating  with  sulphuric  acid 
copper  matte  that  has  undergone  a  sulphating  calcination.  It  has 
been  used  at  Casarza  near  Genoa,  and  at  Stolberg  near  Aix-la- 
Chapelle,  but   has  been  abandoned.     According   to   Zopetti,^   the 

*  //  Potttecnico,  Milano,  November  and  December,  1885. 
VOL.    I  Z 
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Society  anonima  Italiana  di  Miniere  di  Rome  e  di  Elettromettalurgia 
of  Genoa  employed  at  their  Casarza  works  at  Sestri,  Levante,  a 
125  h.p.  plant  comprising  20  Siemens  machines,  each  of  which 
electrolysed  a  set  of  12  baths  with  a  current  of  15  volts  and  250 
amperes.  The  matte  to  be  electrolysed  contained :  copper  30  j)er 
cent.,  sulphur  30  per  cent,  iron  30  per  cent. ;  it  was  cast  into  slabs 
1*2  inches  thick  and  31*5  inches  x  315  inches  in  area  in  cast-iron 
moulds.  Strips  of  sheet  copper,  008  inch  thick  and  0*8  inch  wide, 
which  were  cast  into  the  slabs,  served  to  conduct  the  current.     On 


Fio.  266. 


Fio.  257. 


account  of  their  brittleness  the  anodes  could  not  be  hung  on  these 
strips  in  the  ordinary  way,  although  the  latter  were  bent  round 
wooden  bars  and  attached  to  a  main  conductor  bar  in  the  usual 
method  of  suspending  plates.  The  plates  had  to  be  supported  on  a 
wooden  frame  in  the  bath  itself  Each  cell  contained  15  anodes  and 
1 6  c€^thodes,  arranged  in  parallel     The  cathodes,  of  sheet  copper  001 2 


COPPER  ,  339 

inch  thick,  and  27'5  inches  X  27  5  inches  in  area,  were  suspended 
two  inches  from  the  anodes.     The  condiictflrs  were  IS  inches  thick. 

The  decomposing  cells  were  made  of  boards  215  inches  thick  and 
lined  with  sheet  lead  ;  they  were  6  feet  fi  inches  long.  3  feet  wide,  and 
3  feet  3  inches  deep.  To  obtain  a  ready  circulation  of  the  solution 
they  were  arranged  stepwise  one  below  the  other.  The  arrangement 
of  the  cells  and  their  disposition  relative  to  the  dynamos  are  shown  in 
Figs.'  256  to  258,  Fig.  256  being  a  ground  plan  and  Fig.  257  a  cross 
section  of  the  establishment. 

The  solution  of  bluestone  that  fonned  the  electrolyte  was  produced 


by  extracting  copper  matte,  that  had  been  calcined  for  sulphate,  by 
means  of  water  and  dilute  sulphuric  acid.  The  solution  circulated 
through  wooden  channels  in  the  bottoms  of  the  vats  and  through  lead 
pipes  connecting  them.  A  solution  containing  3  per  cent,  of  copper 
is  said  to  have  given  the  best  results.  After  electrolysis  it  was  used 
for  dissolving  fresh  quantities  of  copper  from  the  calcined  matte. 

It  was  thought  that  the  sulphides  would  bo  decomposed  partly  by 
direct  oxidation  and  partly  by  ferric  sulphate,  the  latter  reaction 
taking  place  according  to  the  equation — 

Cn,S  +  •2Fc^(,iiO,\=  2CuS0,  +  4FcS0,  +  S. 
'  From  the  Lumiire,Sleclr!qiif,  xiv.  1884,  No.  42. 
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The  potential  was  to  be  from  1  to  1'5  volts,  and  a  yield  of  44  lbs. 
of  pure  copper  per  horse  power  in  24  hours  was  expected.  As  a 
matter  of  fact  the  potential  was  much  higher,  reaching  5  volts, 
and  the  copper  was  impure.  The  brittle  anodes  soon  fell  from  their 
supports  and,  collecting  at  the  bottom  of  the  troughs,  gave  rise  to 
short  circuits.  The  surface  of  the  anodes  became  covered  with  non- 
conducting matter  which  increased  the  resistance  in  circuit  and  caused 
unequal  solution  of  their  substance.  More  copper  collected  on  the 
cathodes  than  was  dissolved  from  the  anodes,  with  the  result  that  the 
electrolyte  became  poor  in  copper,  whilst  the  iron  concentrated  in 
it  to  such  an  extent  that  it  had  often  to  be  renewed.  Thus  more 
matte  was  needed  for  preparing  the  solution  than  was  electrolysed, 
and  the  consumption  of  sulphuric  acid  was  considerable.  Further- 
more, without  the  use  of  diaphragms,  the  ferric  sulphate  formed  at 
the  anode  dissolved  the  cathode  copper.  The  upshot  of  these  draw- 
backs was  that  the  process  was  discarded  as  unpayable. 

Plant  was  erected  for  the  Marchese  process  in  Westphalia  and 
at  StoUberg  near  Aachen  by  the  Actien  Gesellschaft  flir  Bergbaueto.^ 
This  consisted  of  56  lead-lined  vats,  each  7  ft.  4  ins.  long  by  3  ft. 
4  ins.  broad  and  3  ft.  4  ins.  high.  Each  vat  contained,  as  at  Casarza,  15 
anodes  and  16  cathodes,  two  inches  apart,  connected  in  parallel.  The 
output  was  half  a  ton  in  24  hours.  The  average  composition  of 
the  matte  used  for  the  anodes  was — 

Cu 15 — 16  per  cent. 

Pb 14         „     „ 

Fe 41-42     „     „ 

S 25 

Ag 005 

The  anodes  were  32  ins.  long,  32  ins.  broad,  and  01 6  in.  thick,  and 
weighed  2^  cwts.  In  preparing  these,  the  molten  matte  was  first  nm 
into  a  large  iron  pan,  from  which  it  was  ladled  into  iron  moulds.  The 
latter  were  sunk  in  earth  to  promote  slow  cooling,  quick  cooling  pro- 
ducing brittle  plate.  The  anodes  were  joined  by  copper  strips  0*8  in. 
broad  and  012  in.  thick.  These  were  bent  outside  the  mould 
and  fastened  by  screw  clamps  to  the  main  conductor.  The  latU^r 
was  1*2  ins.  in  diameter.  The  anodes  were  supported  on  two 
wooden  rails  in  the  vat.  The  cathodes  were  of  sheet  copper,  of  the 
same  length  and  breadth  as  the  anodes,  but  only  a  quarter  the  thick- 
ness.    They  were  supported  by  four  copper  strips  0*8  in.  broad,  which 

^  Borchers,  Eiek'trometafliiryie,  p.  201  ;  Coehn,  Zeits,  fiir  Eiektrometcifiurgiei  1894, 
p.  50. 


COPPER  341 

lay  on  a  cross  strip  resting  on  a  wooden  rail.     The  latter  spanned  the 
bath  and  led  to  the  main  conductor. 

The  electrolyte  was  an  acid  solution  of  copper  and  iron  sulphates 
obtained  by  leaching  calcined  matte  with  weak  sulphuric  acid. 
The  composition  before  electrolysis  was  0*2728  lb.  of  copper  and 
015  lb.  of  iron  per  gallon.  The  baths  were  arranged  stepwise 
as  at  Casarza,  and  the  circulation  of  the  electrolyte  was  brought 
about  by  tubes  2  ins.  in  diameter  which  passed  from  the  bottom  of 
one  bath  over  the  edge  of  its  lower-standing  neighbour.  The  current 
was  generated  by  two  Siemens  dynamos,  which  supplied  430 
amperes  at  35  volts.  The  current  density  was  25  amperes  per  sq. 
yard.  The  potential  at  the  start  was  1  volt,  but  it  rose  in  a  few  days 
even  to  5  volts,  owing  to  the  separation  of  sulphur  on  the  anodes  and 
the  consequent  increase  of  resisttince.  The  anodes  soon  crumbled  as 
the  copper  and  iron  became  dissolved  out,  and  the  particles  collecting 
at  the  bottom  gave  rise  to  short-circuiting.  The  current  was  also 
weakened,  probably  by  polarisation.  It  was  thought  that  the  formation 
of  PbOj  was  the  cause  of  this,  and  accordingly  anodes  containing 
less  lead  were  employed,  but  without  the  desired  effect.  Lessening 
of  the  iron  content  failed  also  to  improve  matters.  Finally  the 
electrolytic  copper  contained  Sb,  Bi,  Pb,  Fe,  Zn,  and  S. 

Inconsequence  of  all  these  drawbacks  the  method  was  abandoned. 
Further  experiments  with  lead  anodes,  and  with  the  method  of 
Siemens  described  above,  gave  no  better  results.  The  method  of 
Siemens  and  Hopfner  has  been  described  under  the  treatment  of  ores. 
All  that  was  said  there  holds  for  its  application  to  mattes. 

Mattes  rich  in  copper  and  poor  in  iron  could  be  more  cheaply 
treated  in  the  dry  way,  and  if  these  mattes  contain  silver,  it  would 
be  more  advantageous  to  smelt  them  for  argentiferous  copper  and 
only  to  electrolyse  the  latter.  It  is  probable  that  Hopfner^s  process 
might  succeed  in  the  case  of  nickel-bearing  mattes. 

(C)  EXTRACTION    OF   COPPER   FROM    ITS  ALLOYS 

The  electrolysis  of  alloys  of  copper  with  the  precious  metals  has,  in 
the  short  period  since  its  introduction,  been  found  capable  of  produc- 
ing great  technical  and  commercial  advantages,  and  is  employed  in  a 
large  number  of  works  in  Europe  and  America.  In  1865  it  was  intro- 
duced by  Elkington,  who  used  Wild's  magneto-electric  machine  for 
generating  the  current.  Then  followed  the  Hamburg  refinery  under 
Wohlwills  management  with  Gramme  machines,  and  then  Oker 
under  Braiining  s  management  with  Siemens  machines.  Braiining 
and  the  firm  of  Siemens  and  Halske  deserve  great  credit  for  the 
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manner  in  which  they  have  developed  the  process  with  Siemens 
machines.  The  method  is  at  present  used  amongst  other  places  at : 
Struthtitten  near  Siegen,  Stadtberge  in  Westphalia,  Oker  in  the 
Lower  Harz,  Altenau  in  the  Upper  Harz,  Mansfeld,  Moabit  (Kaiser), 
Wittkowitz  in  Moravia,  Stefanshiitte  in  Hungary,  Brixlegg  in  the 
Tyrol,  Kedabeg  in  the  Caucasus,  works  of  the  Russian  Copper 
Company  in  the  Urals,  of  NicolaiefF  in  Nishni-Novgorod,  and  of 
Rosenkranz  in  St.  Petersburg,  Biache  St.  Waast  in  the  Pas  de  Calais, 
Eguille,  Pont  du  Ch^ryi,  Marseilles  (Hilarion  Roux  and  Co.),  Swansea, 
Pembrey,  Widnes,  Troghall,  and  Birmingham  in  England,  Anaconda 
and  Great  Falls  in  Montana,  Bridgeport  in  Connecticut,  Newark  in 
New  Jersey,  Boston  in  Massachusetts,  Durango  in  Colorado,  Baltimore, 
Chicago,  St.  Louis,  and  Brooklyn  all  in  the  United  States,  Wallaroo 
in  Australia.  The  process  depends  upon  the  facts  that,  when  the 
alloy,  cast  in  suitable  slabs,  is  used  as  the  anode  of  an  electric  current, 
an  acid  solution  of  bluestone  as  the  electrolyte,  sheets  of  copper  as 
the  cathode  of  the  current,  and  when  a  current  of  suitable  density  is 
employed,  the  copper  will  be  dissolved  from  the  anode  and  deposited 
at  the  cathode,  whilst  the  silver  remains  at  the  anode  and  falls  to 
the  bottom  of  the  bath  in  the  form  of  mud.  At  the  anode  SO^  is 
separated  and  a  corresponding  amount  of  copper  is  dissolved; 
through  this  solution  of  copper,  the  electric  cuirent  is  reinforced 
by  an  amount  of  energy  that  to  a  great  extent  neutralises  the  back 
electromotive  force.  The  work  to  be  done  by  the  current  is  there- 
fore comparatively  small.  When  a  current  of  proper  density  is 
employed,  the  metals  that  are  more  electro-positive  than  copper 
remain  in  solution,  whilst  those  that  are  more  electro-negative,  such 
as  silver,  remain  at  the  anode.  If  the  density  of  the  current  exceeds 
certain  limits,  all  the  metals  present  in  the  anode  will  be  dissolved 
and  reprecipitated  at  the  cathode,  producing  brittle  copper  and 
increasing  the  external  resistance  of  the  circuit.  If  the  current  is 
not  dense  enough,  cuprous  oxide  and  finally  even  cupric  oxide  are 
precipitated  at  the  cathode.  The  more  neutral  the  electrolyte 
becomes,  the  more  readily  do  the  electro-negative  metals  of  the  anode 
pass  into  solution  and  the  more  easily  are  the  electro-positive  metals 
precipitated  at  the  cathode.  With  brittle  and  less  dense  anodes, 
better  results  are  obtained  than  with  malleable  and  dense  anodes; 
cast  and  rapidly  cooled  anodes  are  better  than  when  rolled. 

It  used  to  be  thought  that  the  electrolyte  decomposed  according 
to  the  equation — 

CuSO,+H20  =  ci  +  H2SO^-ha 
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It  was  supposed  that  the  anode  copper  then  became  oxidised  and 
dissolved  in  a  manner  represented  by  the  above  equation  reversed — 

Cu  +  H^SO, + O  =  CuSO, + HgO. 

The  newer  views  of  the  mechanism  of  these  reactions  presuppose 
that  the  electrolyte  is  dissociated  (electrolytically).  To  quote  from 
Borchers  } — "  We  have  in  this  case  a  solution  of  the  equivalent 
Cu  and  SO4  ions.  The  solution  is  nearly  saturated,  and  hence  the 
osmotic  pressure  is  favourable  to  the  precipitation  of  dissolved  sub- 
stances. A  special  feature  in  copper  refining  is  that  we  wish  to 
transport  large  quantities  of  metal  from  the  anode  to  the  cathode. 
Whilst  the  anode  copper  has  a  definite,  though  small,  solution  pres- 
sure, this  is  kept  in  equilibrium  by  the  osmotic  pressure  of  the 
cations  in  solution.  A  slight  excess  of  pressure  from  without, 
e.g.  by  connection  with  the  dynamo,  therefore  enables  us  to  send 
lai^e  quantities  of  copper  from  the  anode  on  their  journey  to  the 
cathode,  since  the  means  are  supplied  there  for  carrying  away  the 
electric  charges  liberated  by  the  precipitation  of  the  copper  ions." 

Kiliani  *  has  tried  exhaustive  experiments  on  the  behaviour  of  the 
commonly  occurring  constituents  of  argentiferous  coarse  copper ;  his 
results  are  reproduced  below.  They  refer  to  a  tension  of  01  to  0*25 
volt,  a  current  density  of  16*7  amperes  to  the  square  yard,  electrodes 
2  ins.  apart,  and  an  electrolyte  cont.aining  1'5  lbs.  of  blue  vitriol  and 
05  lb.  of  sulphuric  acid  to  the  gallon. 

Cuprous  oxidcy  being  a  bad  conductor,  goes  into  the  slimes,  but  is 
slowly  dissolved  by  the  ivcid  of  the  bath. 

Cuprous  sulphide,  when  it  is  present  in  small  quantities,  as  is 
usually  the  case,  goes  into  the  slimes.  When  larger  quantities  are 
present,  it  is  decomposed,  the  copper  being  dissolved  and  the  sulphur 
precipitated. 

Silver  J  Platinum,  and  Gold  go  into  the  slimes  in  the  form  of  powder. 
If  the  solution  is  neutral,  silver  may  also  be  dissolved,  and  is  then 
deposited  at  the  cathode. 

Bismuth  and  Bismuth  oodde  are  dissolved,  but  separate  out  for 
the  most  part  as  basic  sulphate. 

Tin  is  dissolved,  but  is  precipitated  after  some  time  as  basic 
sulphate.  The  tin  has  a  beneficial  action  on  the  quality  of  the  copper 
deposited  at  the  cathode.  With  the  above-named  current-density 
(16*7  amperes  to  the  square  yard),  copper,  if  deposited  from  a  neutral 
solution  of  chemically  pure  sulphate,  is  very  brittle  and  has  a  warty 

*  Elektrometalhwgie,  1896,  p.  172. 

'  Btrg-  ujid  HiUUnm.-  Zig.  1885,  p.  249. 
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surface.  If  the  anode,  however,  contains  a  considerable  amount  of 
tin  the  copper  will  be  malleable  and  smooth.  The  tension  of 
the  bath  too  is  very  notably  diminished  when  the  anodes  contain 
much  tin. 

Arsenic  dissolves  in  acid  or  neutral  solution  as  arsenious  acid;  as 
soon,  however,  as  the  solution  is  saturated,  it  is  thrown  down  among 
the  slimes  as  an  arsenite.  From  a  neutral  solution  arsenic  is  deposited 
at  the  cathode,  from  an  acid  one  only  when  it  is  relatively  poor  in 
copper. 

If  the  arsenic  exists  in  the  anode  as  an  arseniato,  it  goes  entirely 
into  the  slimes  in  neutral  solutions  because  arseniates  are  non-con- 
ductors of  electricity,  but  in  an  acid  solution  it  is  gradually  dissolved 
as  arsenic  acid  in  consequence  of  secondary  reactions. 

Antimony  is  partly  dissolved  in  acid  or  neutral  solutions,  and 
partly  remains  at  the  anode  as  a  basic  sulphate.  The  dissolved 
antimony  separates  out  from  the  solution  as  basic  sulphate,  on  being 
allowed  to  stand  for  a  considerable  time.  Antimoniates,  that  exist  in 
the  anode,  pass,  as  non-conductors  of  electricity,  into  the  slimes,  but 
are  slowly  decomposed  by  the  acid  of  the  solution  with  the  separation 
of  antimonic  acid ;  the  bases  which  were  combined  with  it  tend  to 
neutralise  the  solution.  As  long  as  the  solution  is  acid  and  contains 
the  above-stated  amount  of  copper,  even  when  it  is  saturated  with 
antimony,  none  will  be  deposited  on  the  cathode  ;  at  the  worst  some 
of  the  basic  salt  may  mechanically  adhere  to  it.  If  on  the  contrary 
the  solution  is  nearly  or  quite  neutral,  antimony  will  be  deposited 
with  copper  at  the  cathode,  and  the  deposit  will  be  more  brittle ;  but 
even  with  an  acid  solution,  antimony  is  deposited  with  the  copper,  if 
the  bath  becomes  impoverished  in  copper. 

Lead  is  attacked  even  before  copper,  and  is  thrown  down  in 
the  mud  as  an  insoluble  sulphate.  The  presence  of  lead  therefore 
renders  the  bath  poorer  in  copper. 

Iron,  Zinc,  Nickel,  and  Cobalt  are  more  electro-positive  than  copper 
and  therefore  dissolve  before  it  does ;  they  impoverish  the  bath  as 
regards  both  copper  and  free  acid.  Iron  goes  into  solution  as  a 
ferrous  salt  at  the  low  current-density  required  for  the  electrolysis  of 
coarse  copper,  and  this  is  gradually  oxidised  by  the  air  to  ferric 
sulphate. 

The  ferric  sulphate  only  makes  its  appearance  at  the  anode  with 
very  high  current-densities,  at  which  oxygen  and  free  acid  also  form. 
When  the  solution  only  retains  0*02  lb.  of  copper  to  the  gallon,  the 
rest  of  its  original  copper  contents  having  been  replaced  by  iron,  the 
copper  at  the  cathode  becomes  warty. 
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Hence  the  anode  mud  may  contain : — gold,  platinum,  silver, 
sulphide  of  silver,  cuprous  oxide,  copper  sulphide,  basic  sulphates 
of  bismuth,  tin,  and  antimony,  antimonic  acid,  arsenite  of  copper, 
arseniates  and  antimoniates,  sulphate  of  lead  and  slag,  through 
which  latter  iron,  lime,  magnesia,  and  silica  may  also  enter  into  the 
composition  of  the  mud.  A  little  pulverulent  metallic  copper  is 
also  always  precipitated. 

The  anodes  are  simultaneously  attacked  at  the  surface  and  in 
their  interior.  This  is  due  to  the  tendency  of  the  electro-positive 
metals  to  go  into  solution  before  the  copper,  with  the  result  that 
places  beneath  the  surface  are  soon  attacked.  A  further  consequence 
of  this  action  is  the  detachment  of  copper  particles  which  fall  into 
the  mud.  Cast  anodes  are  preferable  to  rolled  anodes,  since  the 
density  of  the  latter  hinders  the  passage  of  the  electrolyte  into  them, 
and  causes  the  more  electro-negative  metals  to  pass  into  solution 
with  greater  eabe. 

By  taking  up  iron,  zinc,  nickel,  cobalt,  manganese,  tin,  arsenic, 
antimony,  and  bismuth,  the  electrolyte  becomes  richer  in  these  metals, 
but  poorer  in  copper  and  in  acid. 

The  impoverishment  in  copper  of  the  solution  is  partly  counter- 
balanced by  the  fact  that  an  acid  solution  of  sulphate  of  copper  is 
rt-dnced  by  copper  to  cuprous  sulphate,  which  is  again  oxidised  to 
cupric  sulphate  by  the  atmospheric  oxygen.  By  this  secondary 
reaction  (which  is  used  in  separating  copper  and  silver  by  so-called 
sulphuric  acid  leaching),  copper  is  dissolved  as  long  as  the  solution 
remains  acid  ;  and  the  more,  the  less  the  current-density  and  the  more 
the  solution  (in  consequence  of  rapid  circulation)  comes  into  contact 
with  the  air. 

For  the  process  to  continue  uninterruptedly,  it  is  necessary  to 
keep  the  bath  acid  by  adding  sulphuric  acid  from  time  to  time, 
and  to  make  good  any  deficiency  in  copper  by  additions  of 
bluestone. 

The  neutralisation  of  the  solution  produced  by  the  absorption 
of  foreign  metals  from  the  anode  has  in  many  ways  a  very  preju- 
dicial effect  upon  the  electrolytic  method;  the  solution  becomes 
a  worse  conductor,  foreign  metals  are  deposited  at  the  cathode, 
and  cuprous  oxide  is  also  deposited  along  with  the  copper  at  the 
cathode. 

The  conductivity  of  the  solution  diminishes  as  it  becomes  neutra- 
lised at  such  a  rate  that,  with  electrodes  2  ins.  apart,  and  all  other 
conditions  unchanged,  the  difference  of  potential  in  the  bath  rises 
from  01  volt  to  0*25  volt.     The  above-mentioned  metals,  antimony, 
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arsenic,  and  tin  pass  into  the  cathode  deposit  and  make  it  brittle. 
The  current-density  employed  no  longer  suffices  to  completely  decom- 
pose the  sulphate  of  copper  in  the  electrolyte,  so  that  a  certain 
amoimt  of  cuprous  oxide  is  deposited  with  the  copper  at  the  cathode; 
this  renders  the  deposit  so  brittle  that  it  can  be  ground  in  a  mortar. 
If  the  solution  is  acid,  the  cuprous  oxide  will  be  dissolved  by  virtue  of 
a  secondary  reaction;  if  it  is  neutral,  the  latter  remains  in  the 
cathode  deposit. 

In  order  to  produce  good  copper,  the  solution  must  circulate  as 
actively  as  possible,  because  the  copper  deposited  at  the  cathode  is 
purer  and  more  malleable,  the  more  rapidly  the  solution  is  circulat- 
ing. If  the  solution  is  not  in  motion,  it  becomes  richer  in  copper  at 
the  anode,  but  poorer  at  the  cathode ;  the  poor  solution  ascends  in 
the  bath,  whereby  a  layer  of  solution  offering  great  resistance  is 
introduced  into  the  circuit.  This  renders  it  possible  for  other  metals 
or  for  hydrogen  to  be  separated  along  with  the  copper. 

The  following  table  compiled  from  a  number  of  experiments  by 
Kiliani  shows  the  eflFect  of  impurities  in  the  anode  or  the  solution,  as 
also  of  the  movement  of  the  solution  upon  the  difference  of  potential 
in  the  bath.  The  experiments  were  performed  with  electrodes 
2  ins.  apart,  and  with  a  current-density  of  16'7  amperes  to  the 
square  yard. 


One  gaUon  of  solution  contains 


1*5  lbs.  crystallised  copper  sul- 
phate aud   0'5   lb.    sulphuric    \  Black  copper  . 
acid 


Auodo 
composed  of 


i  Pure  copper 
]  Black  coppei 
(  Copper  inatt'C 


1*5  lbs.  crystallised  copper  sul- 
phate     


0*08  lb.  crystallised  copper  sul- 
phate, I  6  lbs  crystallised 
ferrous  sulphate,  0*5  lb.  sul- 
phuric acid 


The  same  without  sulphuric  acid 


(  Pure  copper 
<  Black  copper  . 
(  Copper  matte 


Pure  copper  , 
Black  copper  , 
Copper  matte 


(  Pure  copper 
<  Black  copper  , 
(  Copper  matte 


Tension  in  Tolts. 


Solution  in 
movement. 


U-30 
0-36 
0-75 


Solution 
at  rest. 


0095 
0120 
0-40 


0-243 
0-278 
0-535 


0-75 
0-75 
1-00 


MO 
115 
1-30 


it 


}} 
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The  black  copper  contained — 

Copper 96*6  per  cent. 

Silver 0403      „ 

Gold 0011      „ 

Arsenic 1*23 

Iron 10 

Sulphur 0-54 

As  regards  the  relation  between  strength  and  tension  of  the 
current,  the  same  amount  of  copper  can  be  obtained  from  a  given 
power  with  high  strength  and  low  tension  as  with  low  strength  and 
high  tension.  It  is,  for  instance,  immaterial  whether  a  dynamo  giving 
30  volts  tension  and  120  amperes  of  current-strength  or  one  giving 
15  volts  and  240  amperes  is  employed ;  the  only  requisite  is  that  in 
each  case  the  current-density  shall  be  the  same,  i.e,  that  the  same 
current-strength  is  used  for  a  given  area  of  electrodes.  The  current- 
density  formerly  used  was  from  16*7  to  25  amperes  per  square  yard; 
at  present  the  value  is  tenfold  of  this.  The  tension  varies  from  02 
to  0*4  volt.  The  energy  required  for  the  precipitation  of  1  kilogram 
(2  2  lbs.)  of  copper  per  hour  is  calculated  as  follows,  liberal  allowance 
being  made  for  loss  arising  from  various  causes : — Tension  of  bath, 
0*2  to  0*4  volt  (the  theoretical  value  for  insoluble  electrodes  is  1*16) ; 
1  kilo,  copper  requires  846*2  amperes  for  precipitation  per  hour; 
1  H.P.  =  652  volt-amperes  (V.A.);  loss  of  current  =  25  per  cent. 

0  2  to  0-4  volt  X  846-2  amp.     ^^^^    A^xrn 

— 656-vrA:wf5 — ^=^'^^  ^  ^'^  ^'^' 

Assuming  the  coal  consumption  per  hour  for  1  H.P.  to  be  1*5  kilos., 
then  we  find  that  052  to  1*05  kilos,  of  coal  are  needed  for  the 
production  of  1  kilo,  of  copper. 

If  the  production  and  the  power  have  been  determined  ex- 
perimentally for  any  particular  plant,  then  the  number  of  baths  and 
their  dimensions  can  be  selected  to  correspond  to  the  tension  and 
current-strength,  and  vice  versd.  For  example,  suppose  we  have 
three  machines,  the  first  supplying  1,200  amperes  at  3  volts  =  3,600 
V.A;  the  second  240  amperes  at  15  volts  =  3,600  V. A. ;  the  third 
120  amperes  at  30  volts  =  3,600  V.A. ;  and  suppose  further  that  the 

3 
tension  of  the  bath  is  0*3  volt ;  then  ^—=10  baths  may  be  joined  in 

\)'o 

1  r  OA 

series  for  the  first  machine ;  ^^  =  30  for  the  second ;  and  zr-^  =  100  for 

03  0*3 

the  third.    Each  of  the  three  parts  will  thus  yield  the  same  amount 
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of  copper  in  the  same  time.  The  surface  of  the  electrodes  in  eiich 
bath  is  the  quotient  of  the  total  current- strength  by  the  current- 
density  ;  the  volume  of  the  baths  can  be  calculated  when  the  distance 
between  the  electrodes  is  known.     This  is  usually  taken  to  be  2  ins. 

Formerly  low-tension  dynamos  (3"5  to  30  volts)  were  used.  These 
have  recently  been  discarded  in  favour  of  high-tension  machines 
(100  to  200  volts) ;  in  this  case  a  pure  anode  copper  and  continual 
purification  of  the  electrolyte  are  necessary. 

Low-tension  machines  require  short  and  thick  leads ;  with  these 
machines  the  course  of  the  operation  is  far  more  liable  to  be  disturbe<l 
by  the  least  increase  of  resistance  in  the  baths,  than  when  higher 
tensions  are  employed. 

The  first  dynamo  erected  in  Oker  by  the  firm  Siemens  and 
Halske,  Berlin,  for  the  refining  of  copper  containing  0*5  per  cent,  of 
impurities,  had  a  low  internal  resistance  and  yielded  1,000  amperes 
at  35  volts.  Although  the  dynamo  was  fixed  close  to  the  baths, yet 
it  was  found  necessary  to  employ  very  thick  leads,  3*8  sq.  ins. 
in  section.  The  h.p.  required  was  7  to  8,  and  the  yield  5  to  G 
cwts.  of  copper  for  12  cells,  each  with  42  sq.  yds.  surface  of 
cathode,  the  current-density  being  20  to  25  amperes  per  square  yanl. 

A  machine  supplying  240  amperes  at  15  volts,  which  yield  0*62 
lb.  of  copper  per  hour  from  40  baths  in  series,  required  five  months  to 
produce  a  coating  0*39  in.  thick  on  the  cathodes  when  the  current- 
density  was  16*7  amperes  per  square  yard. 

Working  details  for  Gramme  machines  at  low  tension  are  given 
in  the  following  table  : — 


H.P 

Tension  in  volts 

Current  strength  in  amperes 

Number  of  cells 

Effective  cathode  area  per  bath  in  sq.  yards  . 
Copper  precipitated  per  24  hours  in  cwts.  .  . 
Refined  copper  per  hour  for  1  h.p.  in  lbs.    .    . 


Oeachger,  Mesdac^h  &Co.,    UiUrion  Bw\, 
Biaclie  St.  Waast,  lliinelllcs 

Pas  do  Calaia.  (Roux). 


8 

0 

4 

8 

700 

300 

20 

40 

39  6 

16 

8 

5 

4-4 

4-4 

Machines  of  this  make  may  be  placed  40  to  50  yards  away  from 
the  baths,  the  connections  being  made  through  copper  rods  04  inch 
thick,  or  by  cables  of  the  same  cross-section. 

Gramme  machines  of  12  h.p.  and  giving  200  amperes  at  27  volu^ 
are  in  use  at  the  Norddeutsche  Raffinerie  in  Hamburg.  ThenumbtT 
of  baths  is  60,  the  total  cathode  surface  of  each  being  18  squarv 
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yards.    The  copper  deposited  in  24  hours  weighs  18  cwts.  (6  8  lbs. 
fer  hour  for  1  h.p.). 

The  following  table  gives  the  working  details  for  the  newer  high- 
tension  machines  of  Siemens  and  Halske  :— 


Nu.  of  pattern  of  dyiiam< 


Tension  in  volts 

Cnrrent  strcDgth  in  amperes  .    . 

H.P.  of  the  motor 

Xamber  of  cells  in  series     .    .    . 

Copper  deposited  per  24  hours  in 

cwts. 


CH7 

cHy 

20 

35 

cHi4 
30 

cH,7 

rHi9 

1 

40 

50 

75 

100 

120 

240 

240 

400 

400 

400 

400 

7 

1 

13 

19 

31 

47 

62  1 

'  32 

16 

32 

28 

45 

65 

90 

2 

1 

2 

4 

6 

10 

14 

20 

High-tension  dynamos  are  exclusively  used  in  the  United  States. 
The  table  on  the  following  page  gives  full  details  of  their  working ; 
in  No.  3  the  electrodes  are  arranged  in  series,  in  No.  1  part  in  scries 
and  part  in  parallel,  in  all  the  other  cases  in  parallel. 

In  the  electrolytic  refining  of  copper,  we  may  distinguish  between 
two  systems,  the  multiple  and  the  series,  corresponding  to  the  ar- 
rangement of  the  electrodes  in  parallel  and  in  series. 

In  Europe,  multiple  arrangements  are  in  general  use.  In 
America,  different  modifications  of  the  series  system  (the  Stalmann, 
Hayden,  Schmidt,  and  Randolph  systems)  were  in  use  for  some  time ; 
now,  however,  all  but  the  Hayden  system  have  been  discarded,  and 
that  system  is  only  in  operation  now  on  a  large  scale  at  one  place 
(in  Baltimore).  The  multiple  system  is  applicable  to  all  grades  of 
f'opper ;  it  permits  of  the  use  of  both  high  and  low  current-density 
in  lead-lined  baths,  and  can  be  carried  out  with  little  loss  of  current. 
The  Hayden  system,  as  at  present  in  operation,  has  the  advantage 
over  the  multiple  system  in  that  the  quantity  of  copper  in  the  baths 
is  smaller,  the  electrodes  are  not  so  massive  and  are  closer  together, 
the  copper  dissolves  more  quickly,  and  the  whole  plant  is  smaller. 
On  the  other  hand,  it  requires  a  good  copper,  the  electrodes  must  be 
rolled,  the  tension  between  anode  and  cathode  must  be  high,  and 
loss  of  electrical  energy  is  considerable ;  furtheimore,  owing  to  the 
high  tension  and  the  danger  of  short-circuiting,  lead-lined  baths 
cannot  be  employed,  and  wood  baths  are  speedily  destroyed.  More- 
over, portions  of  the  anode  copper  must  remain  attached  to  the 
cathode  copper  to  prevent  the  latter  being  dissolved  by  the  current, 
causing  loss  of  electric  energy. 

This   system    has   consequently  found   but   little  application  in 
America,  and  none  at  all  in  Europe.     According  to  Peters,^  the  cost 

»  Op.  cif.  p.  681. 
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of  production  per  ton  of  refined  copper  under  otherwise  similar 
circumstances  is  1  dollar  98  cents  lower  by  the  multiple  system  than 
by  the  Hayden  system. 

The  Arrangement  of  Plant  in  the  Multiple  System 

The  tanks  are  constructed  of  wood  and  lined  with  sheet  lead  or 
asphalted  jute  (Kedabeg).  The  length  varies  from  3  to  10  feet 
according  to  the  number  of  electrodes.  The  tank  bottom  must  be  far 
enough  below  the  lower  ends  of  the  electrodes  to  prevent  any  short- 
circuiting  through  the  deposited  mud.  The  largest  tanks  erected  by 
Thofehm  (Anaconda)  are  about  10  feet  long,  6  feet  6  inches  wide, 
and  4  feet  6  inches  deep. 

The  anodes  are  of  cast  copper.  The  copper  is  poured  direct  from 
the  converters  or  the  refinery  reverberatories  into  cast-iron  moulds. 
The  copper  must  be  as  pure  as  possible,  especially  when  great  current- 
density  is  employed.  Hence,  black  copper  is  only  used  for  anode 
material  when  of  the  highest  purity,  and  impure  converter 
copper  must  be  refined  before  similar  use.  The  anodes  are  about 
3  feet  4  inches  long,  1  foot  7  inches  to  1  foot  10  inches  broad,  and 
from  ^  to  1|  inches  thick.  When  the  anodes  consist  of  several 
plates,  as  happens  when  the  tanks  are  large,  then  their  dimensions 
are  different.  The  single  anodes  used  at  Anaconda,  which  are  hung 
in  threes,  are  1  foot  10  inches  long,  1  foot 
10  inches  wide,  and  0*8  inch  thick. 

The  anodes  are  generally  hung  by  two 
arms,  cast  with  the  plate,  which  rest  on  the 
tank  conductors.  Another  method  is  to 
hang  them  by  hooks  to  the  conductors 
(Fig.  259) .  This  method  is  described  later 
in  connection  with  the  Moebius  method  of 
silver  extraction.  The  cathodes  are  of 
thin   sheet    copper,   best    prepared    from 

electrolytic  copper,  about  ^^J^  inch  thick.    L  , 

The  cathode  m  Thofehm's  plant   consists  fio.  259. " 

of  six  plates  each  1  foot  11  inches  long, 

7  inches  wide,  and  ^}^j  inch  thick.     These  are  fastened  by  strips  of 

sheet  copper  (of  the  same  thickness,  0*8  inch  wide)  to  the  conductor. 

The  points  of  contact  must  be  above  the  surface  of  the  liquid,  or 

protected  from  the  electrolyte  by  a  layer  of  paraffin. 

The  cathodes  are  smeared  with  oil,  paraffin,  or  petroleum  ether 
and  the  edges  with  paraffin,  to  facilitate  the  stripping  of  the  deposited 
copper.     The  conducting  rods  on  which  the  electrodes  are  hung  are 
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made  of  electrolytic  copper  an  inch  or  so  thick.  They  project  beyond 
the  bath  and  are  so  arranged  that  electrodes  can  be  removed  and  re- 
placed without  trouble.  If  n  be  the  number  of  anodes,  then  w+l  is 
the  number  of  cathodes.  Experience  has  showji  that  the  electrodes 
are  best  placed  about  2  inches  apart.  The  tanks  are  arranged  in  series. 
The  arrangement  of  a  bath  as  seen  in  the  older  erections  is  sho^n 
in  Figs.  260  to  262. 

L  L  are  the  copper  conductors  from  which  the  anode  plates  and 
the  cathode  sheets  are  alternately  suspended ;  the  conductoi-s  for  the 
former  are  marked  +,  for  the  latter  -  ,  and  the  path  of  the  electric 

current  is  shown  by  the  horizontal 
arrows.  Figs.  261  and  262  show 
the  manner  in  which  the  baths 
are  coupled  up  to  each  other. 
To  each  of  the  longer  walls  of 
the  bath  a  board  is  secured  in 
which  are  wooden  pins  that  keep 
the  electrodes  at  their  proper 
distance  apart,  so  as  to  prevent 
short-circuiting.  The  cells  are 
filled  with  solution  almost  up  t*) 
the  level  of  the  lower  conductor. 
The  method  of  coupling  up  the 
baths  is  shown  in  Figs.261  and  262; 
it  has  been  simplified  recently. 

The  arrangement  of  a  bath 
erected  by  the  brothers  Borcher^^ 
in  Goslar  is  seen  in  Figs.  263-265.* 
r  are  the  anodes,  Q  the  cathodes. 
The  baths  are  made  of  pitch-pine  lined  with  lead,  the  lining  being 
bent  over  the  rim  of  the  bath.  A  wood  frame  V  is  laid  on  the  rim  t<» 
insulate  the  conducting  strips  and  leads.  The  wood  of  the  frame  i:^ 
soaked  in  oil  to  prevent  it  absorbing  water.  The  arms  from  which 
the  anodes  hang  are  insulated  from  the  cathode  leads  by  a  rubber 
pad  X(Fig.  263,  top  right  of  figure).  The  lead  tube  T  serves  to  siphon 
off  the  electrolyte,  and  the  lead  dish  11  to  collect  the  anode  mud.  The 
cathodes  are  hung  on  wood  rails  by  sheet  copper  hooks,  the  longer  of 
which  (Fig.  264,  right)  is  wound  round  the  rail  and  connected  to  the 
cathode  leads.  The  method  in  use  at  present  of  grouping  the  baths 
is  seen  in  Fig.  266.^ 

^  Borchers,  Eiektrometalliirgie,  1896,  p.  181. 

*  Thofehrn,  Zeitschr.  dea  Vereins  deutftrher  Ingeuieuref  1898,  p.  1120. 


Fio.  260. 


To  ensure  efficient  circulation  of  the  electrolyte,  the  baths  are 
arranged  in  rovrs  of  five  or  six  each,  the  liquid  flowing  through  each 
batb  in  turn.     Two  such  rows  stand  on  a  common  foundation,  the 


current  passing  from  the  first  hath  of  the  first  row  to  the  first  bath 
Iff  the  second,  then  through  the  second  bath  of  the  second  row  to 
the  second  bath  of  the  first  row,  and  so  on. 
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An  active  circulation  of  the  electrolyte  is  of  the  first  importance. 
The  liquid  is  raised  into  reservoirs  by  compressed  air  or  by  pumps  of 


hard  lead,  and  tlien  allowed  to  flow  through  the  baths.      From  these 
it  escapes  through  overflow  pipes  or  lead  siphons.     The  circulation 


can  be  brought  about  either  by  allowing  the  liquid  to  flow  through 
all  the  baths,  or  through  certain  groups,  or  lastly  by  stirring  each 
bath  separately  without  allowing  the  liquid  to  pass  on.  In  the  6rst 
two  cases   the   amounts  of   copper   and   acid  decrease  during  the 


circulation  ;  in  the  last  case  this  is  not  so,  hence  this  method  is 
preferable, 

Figs.  267  and  268  show  the  arrangement  of  a  complete  plant  for 
the  electrolytic  extraction  of  copper  on  a  scale  of  about  ^^. 

The  baths  are  arranged  stepwise  one  below  the  other  in  two  rows 
to  facilitate  the  circulation  of  the  solution.  The  latter  flows  from  the 
storage  tank  £  through  leaden  tubes  which  project  just  above  the 


bottom  of  the  topmost  tank,  and  escapes  through  perforations  in  the 
ends  of  these  tubes ;  from  the  topmost  tanks  the  solution  flows 
similarly  to  those  immediately  below,  and  so  on  till  it  escapes  from  the 
lowest  tanks  into  the  storage  tank  Bj,  whence  it  is  pumped  by  the 
pump  P  back  into  the  upper  storage  tank,  to  again  traverse  the 
series  of  bath.s.     M  is  the  steam  engine  driving  the  dvnamo  D  by 
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means  of  belting.  The  path  of  the  electric  current  from  the  terminals 
of  the  dynamo  through  the  circuit  is  shown  by  arrows. 

At  the  works  of  Borchers  in  Goslar  the  circulation  is  carried  out 
in  each  bath  separately.  The  old  method  of  filling  and  emptying 
baths,  all  of  which  stood  at  the  same  level,  was  as  follows: — The 
liquid  flowed  from  the  reservoir  into  the  main  W  (Fig.  263),  thence 
through  a  rubber  tube  (with  pinchcock)  into  a  distributing  tube  F, 
from  which  it  reached  the  bath  through  a  series  of  thinner  hanging 
tubes  (Fig.  265)     The  siphon  Xy  which  lies  in  the  gutter  Z  under 
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Fig.  268. 


the  lead  dish,  served  to  empty  the  bath  into  the  lower  storage  tank.  In 
case  of  leakage,  and  when  the  bath  had  to  be  completely  emptied,  the 
liquid  was  run  through  a  gutter  in  the  working  chamber  into  special 
tanks.  From  these  storage  tanks  the  liquid  could  be  pumped  into 
the  distributing  tanks,  and  conveyed  from  there  to  the  baths  or  the 
purifying  apparatus. 

The  circulation  and  purification  of  the  electrolyte  are  at  present 
performed  at  the  works  of  Borchers  by  the  process  first  invented  by 
Werner  Siemens,  and  independently  later  by  the  brothers  Borchers. 


COPPER  357 

This  process  depends  on'  the  reduction  in  density  of  the  surface  liquid 
of  the  bath  by  the  bubbling  of  a  fine  stream  of  air  through  it.  Figs, 
269  and  270,  taken  from  Borchers'  Metallurgy,  show  the  arrangement, 
each  bath  being  separately  treated.  (7  is  a  lead  tube,  reaching  from 
the  surface  of  the  liquid  to  the  bottom  of  the  bath,  fitted  with  a  lead 
cap  S.  The  upper  end  is  closed  with  a  stopper  through  which  passes 
a  glass  tube  D  drawn  out  to  a  fine  point,  and  reaching  almost  half- 
way into  the  solution.  Air  is  blown  through  the  glass  tube,  and 
escapes  through   the  liquid  in  the  lead  tube  in  the  form  of  fine 


bubbles.  The  air  suspended  in  the  liquid  decreases  its  specific  gravity 
so  that  it  rises  in  the  tube  and  fiows  over  the  upper  edge  into  the 
bath,  its  place  being  taken  by  heavier  liquid,  which  enters  the  tube 
at  its  lower  extremity.  A  continuous  movement  of  the  solution  in 
every  bath  is  thus  obtained. 

The  liquid  is  only  removed  from  the  bath  when  it  is  ready 
to  be  thrown  away.  The  baths  are  filled  and  emptied  by  means 
of  the  tube  if,  which  is  connected  to  the  siphon  o  by  the  rubber 
tubing  -£.  This  is  closed  by  a  sorew  clamp  during  the  electrolysis 
to  prevent  conduction  of  the  current  outside  of  the  bath. 
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The  full  arraDgements  are  shown  in  Figs.  271  to  273  :  k  is  the 
compressed  air  chamber,  d  the  tank  for  storing  fresh  sohition.  This 
is  run  into  the  chamber  k,  and  then  forced  into  the  distributing  tank 
e,  from  which  it  flows  through  m  and  o  into  the  baths.  The  liquid 
can  be  removed  for  puriflciition  from  the  baths  by  means  of  air 
pressure ;  h  k  are  gutters  in  the  floor  for  collecting  leakage  liquors, 
which  are  then  brought  together  into  the  tank  i  in  connection  with 
the  pressure  chamber.      The  anode  mud  is  washed  in  the  tanks/. 

Experience  shows  that  the  liquid  most  suitable  for  electrolysis 
contains,  per  gallon,  05  lb.  of  concentrated  oil  of  vitriol  and  15  lbs. 


of  blue  vitriol  {CuSO,.5HjO)  containing  038  lb.  of  copper.  Kellner ' 
recommends  a  solution  containing  16  per  cent,  of  copper  sulphat« 
and  6  per  cent,  of  free  sulphuric  acid ;  whilst  Thofehm  *  gives  the 
following  table : — 


DcKriptloD  ul  Miodg, 

Black  copper    .    .    .    . 
Converter  copper     .    . 


Liupflnft  per  v).  yd. 


'  The  Miiurai  Iiulutlry,  1899,  p.  237. 
''  Borchers,  EUt/romrlallurgit,  p.  ISQ. 
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The  solution  of  greatest  conductivity  contains  25  per  cent,  of 
sulphuric  acid,  but  a  solution  with  even  13  per  cent,  causes  polarisa- 
tion due  to  decomposition.  The  electrolyte  is  most  active  when 
warmed  to  40°  to  50°  C. 

As  pointed  out  above,  the  impurities  in  the  copper  pass  into  the 
electrolyte,  and  if  these  be  not  removed  they  are  precipitated  on  the 
cathode,  rendering  the  copper  thereby  unfit  for  electrical  work.  At 
the  same  time  the  electrolyte  becomes  neutral.  According  to  Kellner^ 
the  quantities  of  bismuth,  arsenic,  and  antimony  in  the  electrolyte 
and  in  the  anode  copper  after  electrolysis  for  47  days  are  as  follows : — 


Ancnie  copper 
Electrolyte   . 


Bismuth.  '  Antimony.  Areeuic 

Per  cent.  Per  cent.  Per  cent. 


00320  0-0651  0*0686 

00174  00555  0-0362 


To  preserve  the  electrolyte  free  from  impurities,  part  is  removed 
at  intervals  and  replaced  by  fresh  solution,  or  the  injurious  con- 
stituents are  precipitated  and  the  solution  used  afresh.  In  the 
former  case  the  electrolyte  removed  is  worked  for  copper  sulphate, 
copper,  and  other  bye-products.  This  method  is  in  use  at  Baltimore, 
Newark,  Perth  Amboy,  and  Chicago.* 

In  Baltimore,  one-fifth  of  the  whole  electrolyte  is  withdrawn,  the 
fresh  solution  added  rendering  the  remaining  impurities  harmless  to 
the  extent  that  they  are  not  deposited  on  the  cathode.  The  liquid 
withdrawn  is  worked  for  bluestone,  which  must  be  purified  by 
recrystallisation  before  using  again.  Copper  is  thrown  out  from  the 
mother  liquors  by  iron. 

At  Newark,  sulphates  of  copper,  nickel  and  iron  are  got  by  crystal- 
lisation of  the  impure  electrolyte,  and  the  mother  liquors  yield,  on 
boiling,  sulphuric  acid  and  arsenious  acid. 

At  the  Chicago  works,  bluestone  is  first  crystallised  out,  then  the 
mother  liquors  are  evaporated  until  a  mixture  of  this  and  arsenious 
acid  separates  out.  The  residual  liquors  are  then  worked  for  sul- 
phuric acid.  The  mixture  of  blue  vitriol  and  arsenious  acid  is  treated 
with  just  suflBcient  water  to  dissolve  the  blue  vitriol,  which  is  then 
added  to  the  fresh  electrolyte. 

At  Perth  Amboy,  the  liquor  is  neutralised  and  enriched  by  boil- 
ing with  scrap  copper,  air  and  steam  being  blown  through  the  liquid 
in  lead-lined  vats  to  effect  this.     The  bluestone  is  crystallised  out 

*  The  Mineral  Industry,  1899,  p.  237. 

'-'  Titus  Ulke,  Zeit,  f.  Elekirochemiey  1897-8,  13,  p.  312. 
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from  the  hot  liquor ;  the  mother  liquors  yield  their  copper  by  iron 
treatment,  and  later  a  mixture  of  copper  and  arsenic  with  about  60 
per  cent,  of  arsenic.  This  is  said  to  be  suitable  for  the  preparation  of 
ai^nious  acid  and  green  colouring  matters. 

Many  methods  have  been  employed  to  get  rid  of  the  impurities  in 
electrolytic  solutions.  Some  of  these  have  been  kept  secret,  and  many 
have  not  proved  successful.  Among  these  may  be  mentioned  boiling 
the  solution  with  metastannic  acid  ;  filtration  through  cuprous  oxide ; 
oxidation  of  impurities  by  blowing  air  through  the  liquors ;  and  com- 
binations of  these  methods.  At  Chicago  the  anode  copper  has  been 
alloyed  with  tin  in  the  proportion  of  25  lbs.  of  tin  to  1  ton  of  copper, 
with  a  view  to  reducing  copper  arsenate  to  insoluble  arsenite,  and 
preventing  thereby  the  precipitation  of  arsenic  at  the  cathodes. 
Although  this  method  produces  a  smoother  and  more  malleable 
cathode,  yet  it  is  only  found  profitable  when  large  quantities  of  arsenic 
are  present. 

The  method  used  at  Anaconda,  and  kept  secret,  is  supposed  to 
consist  in  neutralising  the  solution  with  copper  oxide,  whereby  anti- 
mony and  bismuth  are  precipitated,  and  then  in  blowing  air  through 
the  neutral  solution  to  effect  the  partial  deposition  of  the  other 
impurities.  The  only  information  on  this  point  supplied  by  Thofehrn  ^ 
is  that  after  the  liquor  has  run  through  the  baths  it  is  collected  in  a 
storage  tank,  pumped  into  filter  presses,  and  rendered  fit  for  use 
again  by  filtering  through  cheap  chemicals. 

Ulke  ^  maintains  that  the  best  method  of  freeing  the  electrolyte 
from  arsenic  and  antimony  is  to  precipitate  these  metals  by  elec- 
trolysis in  separate  baths,  using  anodes  of  lead  and  cathodes  of  copper. 
The  current  must  be  regulated  so  that  arsenic,  antimony,  and  copper, 
but  not  iron,  are  precipitated.  The  acid  liquid  thus  obtained,  free 
from  arsenic  and  antimony,  is  brought  up  to  strength  by  the  addition 
of  bluestone,  and  then  electrolysed  until  its  iron  content  is  so  great 
that  the  cathodes  become  rough  or  darkened  ;  it  is  then  withdrawn, 
from  use  and  worked  for  bluestone.  The  deposits  of  arsenic,  antimony, 
and  copper,  which  contain  from  40  to  60  per  cent,  of  copper,  are 
worked  for  what  is  called  cake  copper,  or  for  those  grades  used  in  the 
preparation  of  alloys  of  the  three  metals. 

The  bottoms  at  Mansfeld  are  free  from  antimony,  bismuth,  and  tin, 
but  they  contain  arsenic,  nickel,  cobalt,  iron,  and  zinc,  all  of  which 
pass  into  solution.  To  free  the  solution  from  arsenic,  use  is  made  of 
the  fact  that  arsenic  stands  near  to  copper  in  the  table  of  tensions, 

*  ZtiUckr,  des  Verevuf  detUscher  Ingenieurey  1898,  p.  1120. 
2  Op^ioU. 
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and  is  deposited  in  a  spongy  state  along  with  copper  when  the  current 
density  exceeds  335  amperes  per  square  yard.  The  sulphates  of 
nickel,  cobalt,  &c.,  are  then  crystallised  out  from  the  liquor,  and  this 
on  acidification  is  passed  on  to  the  electrolysing  baths.  The  spongy- 
copper  is  treated  with  weak  sulphuric  acid,  which  dissolves  the  copper 
and  leaves  behind  the  arsenic.^ 

A  very  thorough  removal  of  arsenic  and  iron,  and  to  a  less  extent 
of  bismuth  and  antimony,  from  the  electrolyte  is  effected  in  the 
Borchers  process  described  above.^  The  fine  stream  of  air  passing 
through  the  liquid,  besides  promoting  circulation,  brings  about  the 
precipitation  of  iron  and  arsenic  in  the  acid  solution  as  ferric  arsenate. 
Bismuth  and  antimony  are  thrown  out  of  the  solution  when  it  becomes 
less  acid,  and  collect  in  the  anode  mud.  A  free  current  of  air  pass- 
ing through  the  electrolyte  soon  converts  it  into  a  brown,  chocolate- 
like liquid,  but  in  Borchers'  method  the  precipitation  takes  place  so 
gently  that  the  liquid  remains  quite  clear  and  the  precipitate  collects 
on  the  mud  tray.  If  the  anode  copper  is  free  from  antimony  and 
bismuth,  purification  of  the  liquid  outside  the  bath  can  be  done  away 
with  ;  but  if  these  elements  are  present,  it  is  necessary  to  purify  the 
liquid  from  time  to  time  in  separate  baths,  and  to  discard  portions  of 
the  liquid,  since  antimony  and  bismuth  are  readily  precipitated 
during  electrolysis,  especially  if  the  bath  be  warm.  Saturation  with 
antimony  and  bismuth  compounds,  however,  only  occurs  after  long 
use  of  the  electrolyte,  so  that  purification  need  only  be  carried  out 
after  longer  intervals  of  working  than  those  necessitated  by  the  pre- 
sence of  other  impurities.  To  remove  antimony  and  bismuth,  the 
liquid  is  transferred  to  a  separate  bath,  warmed  by  steam,  and  air 
blown  through  ;  it  is  then  filtered  through  copper  oxide  or  basic 
copper  compounds,  and  the  filtrate  returned  in  part  to  the  bath,  in 
part  worked  for  bluestone. 

Pure  anode  copper  and  the  maintenance  of  a  pure  electrolyte  are 
the  chief  conditions  for  success  when  high  current  densities  are 
employed.  Hence  in  this  case  refined  copper  or  pure  converter 
copper  are  the  best  materials  for  the  anodes.  If  the  Borchers  method 
be  employed,  high  current  densities  (84  amperes  per  square  yard) 
can  be  used  without  the  copper  deposited  showing  the  least  disad- 
vantageous properties.  A  considerable  reduction  in  the  size  of  plant 
and,  of  course,  in  the  quantity  of  electrolyte,  and  the  employment  of 
less  labour,  are  effected  by  the  use  of  high  current  densities.  The 
Ijower  consumption  is  greater  in  this  case,  but  this  is  offset  by  many 

'  A.  Brand,  ''Metalhiitteokunde,"  in  Daramer^a  Chem,  Technologies  p.  35. 
-  Borcher's  Eiektrometalltirgie,  p.  187. 
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advantages,  as  may  be  seen  from  the  following  table  compiled  by  the 
firm  of  Siemens  and  Halske,  and  representing  the  cost  of  production 
in  Germany  * : — 


Cost  per  day  for  output  of  1  toil. 


Current  density.         |         Current  density. 
25  limperee  per  sq.  yard.  !  84  amperes  per  sq.  jard. 


Power  (1  h.p.  per  hour,  0,6d.) 

Labour  

Interest  on  Copper,  5  per  cent.    .    . 
Amortisation  of  plant,  10  per  cent. 
For  warming  baths  (5  cwts.  ooal)   . 
Purification  of  electrolyte     .... 


M. 

d. 

17 

0 

30 

0 

15 

7 

8 

4 

30 

15 

4 

4 

5 


d. 
0 
0 
10 
2 
0 


0 


Total 


74    11 


59      0 


From  this  it  is  seen  that  the  cost  of  production  for  high  current 
densities  is  20  per  cent,  below  the  cost  for  low  current  densities. 
High  current  densities  are  employed  in  the  United  States  (vide  Table, 
p.  350).  Thofehm  uses  125  to  210  amperes  per  square  yard,  the 
electrolyte  being  warmed  to  40-50*  C.  The  copper  deposited  by 
1  ampere  in  1  hour  weighs  0*0022  lb. 

The  Arrangement   of  Plant   in   the  Seii^s  System 

A  number  of  processes  have  been  devised  in  the  United  State?, 
notably  by  Stalmann,  Hayden,  Smith,  and  Bandolph,  in  which  the 
electrodes  are  arranged  in  series.  Of  these  processes  only  that  of 
Hayden  is  at  present  in  use  in  the  United  States.  The  fundamental 
principle  underlying  all  these  processes  is  that  of  the  voltaic  pile.  In 
Stalmann's  process  separate  anode  and  cathode  plates  are  employed, 
whilst  in  the  others  the  plates  of  coarse  copper  are  both  anodes  and 
cathodes. 

The  first  anode  and  the  last  cathode  of  each  bath  are  suspended 
separately,  whilst  the  electrodes  between  them  are  united  to  form 
couples  independent  of  the  others.  Each  of  these  couples  consists  of 
a  cathode  and  an  anode,  the  surfaces  of  which,  that  are  turned 
towards  each  other,  being  separated  by  an  insulating  layer  of  glass, 
asbestos,  or  air,  whilst  the  plates  are  put  into  electrical  connection 
with  their  neighbours  by  means  of  copper  screws  or  wires.  The 
current  enters  at  the  anode  suspended  by  itself,  passes  through  the 
electrolyte  to  the  first  cathode  by  means  of  the  conductor  to  the 
anode  united  with  it,  from  this  through  the  electrolyte  to  the  cathode 

*  Borchers,  ElektrometaUurffie,  p.  1S8. 
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of  the  second  couple  by  means  of  the  conductor  to  the  anode  of  that 
couple,  through  the  electrolyte  to  the  cathode  of  the  third  couple,  and 
so  on  till  it  reaches  the  cathode  suspended  by  itself  at  the  end  of  the 
bath.     Thence,  with  baths  in  series,  it  passes  to  the  anode  of  the  next 


Fio.  274. 


Fig.  275, 


bath,  whilst  with  baths  in  parallel  it  returns  to  the  negative  pole  of 
the  dynamo.  The  connection  of  anodes  with  cathodes  of  each  couple 
is  shown  in  Figs.  274  and  275.  E  is  the  cathode,  (7  the  anode.  The 
connection  is  eflFected  by  copper  bolts  in  Fig.  274,  and  by  copper  rods 
F  and  strips  in  Fig.  275.  The  space  between  is  insulated  by  a  pad 
of  suitable  material  in  the  former  case,  and  by  air  in  the  latter  case. 

In  the  Hayden,  Smith,  and  Randolph  processes,  all  cathodes, 
except  the  last  one  of  the  last  bath,  are  dispensed  with,  and  similarly 
only  the  first  plate  of  the  fii'st  bath  can  be  looked  upon  as  a  true 
anode. 

In  Hayden's  method  the  electrode  plates  are  suspended  vertically, 
whilst   in  Smith's  and   Randolph's   methods  they   lie  horizontally. 

jv  jv  pj  JV  p/  fi/  JV  fV  fv  ]V    p.  /t 


cu 


Fio.  276. 


Hayden's  method  is  at  present  in  use  at  the  Baltimore  works.  The 
connection  of  the  electrodes  is  shown  in  Fig.  276  ;  a  is  the  anode,  h 
the  cathode,  and  ail  the  plates  y,  p  between  are  cathodes  on  the 
left  side  and  anodes  on  the  right.     The  baths  are  arranged  in  series. 
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the  copper  passing  from  the  positive  to  the  negative  pole,  being 
dissolved  on  the  right  side  of  the  plates  and  precipitated  on  the  left. 
After  a  certain  time  each  plate  (excepting  those  at  the  end)  is  con- 
verted into  electrolytic  copper,  and  further  action  of  the  current  would 
only  serve  to  dissolve  this  pure  copper  and  reprecipitate  it.  The 
current  is  therefore  stopped  as  soon  as  this  stage  is  reached.  The 
simultaneous  conversion  of  all  the  electrodes  into  electrolytic  copper 
makes  it  necessary  that  all  the  plates  should  be  of  the  same  thickness, 
and  furthermore  that  they  should  be  at  equal  distances  apart,  so  that 
the  resistance  between  them  is  the  same.  The  plates  are  rolled  in 
Baltimore,  from  cast  copper,  then  cut  and  adjusted;  they  are  0*24 
inch  thick,  20  inches  long,  and  20  inches  broad,  and  must  be  of  good 
copper.  Ores  from  Butte  in  Montana,  smelted  in  reverberatories,  and 
converter  copper  which  has  been  refined,  form  suitable  material  for 
their  manufacture.  They  contain,  according  to  Kellner,^  the  following 
impurities  (per  cent.)  : — 


Converter  copper    .    . 
Reverberatory  copper. 


Antimony.    1     ArHenic. 


0-0443 
0  0651 


0-0068 
0-0582 


Selenium  & 
Tellurium. 


0-0071 
0-0098 


They  contain  besides  0*3  per  cent,  of  oxygen,  a  trace  of  iron,  0*002 
per  cent,  of  nickel,  and  100  ounces  of  silver  and  0*3  ounce  of 
gold  per  ton.  A  little  lead  added  towards  the  end  of  the  refining 
improves  the  rolling  qualities  of  the  copper.  According  to  Kellner,^ 
the  maximum  allowable  is  01  per  cent.  Nos.  I.  and  II.  in  the 
following  table  give  the  composition  (per  cent.)  of  copper  which  could 
not  be  rolled  without  the  addition  of  lead ;  Nos.  III.  and  IV.  of 
copper  which  could  not  be  rolled  even  after  addition  of  lead. 


I 


No. 


Lead. 


L 
II. 

m. 

IV. 


0-0069 

trace 

0-0558 

00073 


Bismuth. 


00096 
0-0055 
0-0274 
00340 


Antimony. 


00602 
0-0370 
0-1245 
01350 


Arsenic. 


Selenium 

and 
Tellurium. 


Silver. 
Ounces 
per  ton. 


Oold. 
Ounces 
per  ton. 


0-0312  ,  0-0527 

0-0265  ,  0-0365 

01160  00153 

0-0582  ,  0-1067 


156-30 

0-48  , 

172-90 

0-60 

100  60 

0-55  . 

229-40 

012 

The  rolling  machinery  absorbs  one-third  of  the  whole  power  used. 
Loss  of  metal  in  rolling  can  be  brought  down  to  2  to  3  per  cent,  by  care- 

1  The  Mineral  Industry,  1899,  p.  229.  *  Loc,  cit. 
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fill  working.  In  place  of  lead-lined  baths,  the  Baltimore  works  use 
baths  made  of  tarred  slabs  of  roofing  slate.  The  electrodes  are  only  0*6 
inch  apart ;  the  number  in  each  bath  is  140  to  150.  The  current 
density  is  130  amperes  per  square  yard.  The  tension,  which  depends 
on  the  number  of  electrode  plates  in  the  bath,  is  very  high,  and  gives 
rise  to  loss  of  current.  If  the  tension  between  two  neighbouring 
plates  be  ^  volt,  and  the  number  of  plates  be  100,  then  the  ten- 
sion between  the  electrodes  at  the  ends  of  the  bath  will  be  16|  volts, 
or  25  volts  for  150  plates. 

The  liquid  layers  above  and  below  the  plates  have  a  smaller 
resistance  than  the  layer  which  contains  the  plates,  and  thus  current 
is  lost.  To  prevent  this,  these  layers  must  be  made  as  small  as 
possible,  care  being  taken  that  the  lower  one  is  deep  enough  to 
obviate  the  chance  of  short-circuiting  through  the  anode  mud. 

The  solution  and  deposition  of  the  plates  take  12  days,  working 
with  the  current  density  mentioned  above.  The  anode  sides  of  the 
plates  do  not  dissolve  uniformly,  so  that  the  pure  copper  generally 
contains  some  anode  copper  which  acts  injuriously  upon  it,  and  at 
the  same  time  causes  loss  of  precious  metals.  This  might  be  remedied 
by  prolonging  the  electrolysis,  but  in  that  case  energy  would  be 
wasted  in  dissolving  and  reprecipitating  some  of  the  pure  copper. 
Generally  speaking,  both  defects  exist  together,  some  anode  copper 
remaining  and  some  pure  copper  being  dissolved. 

The  output  of  electrolytic  copper  at  the  Baltimore  works  is  60  to 
70  million  pounds  a  year.  All  that  was  said  concerning  circulation 
and  purification  of  the  electrolyte  in  the  case  of  the  multiple  system 
applies  to  the  series  system. 

In  Smith  s  process,  which  was  worked  in  Ansonia,  Conn.,  and  is  now 
discontinued,  the  electrode  plates  lay  horizontally,  the  uppermost  plate 
being  connected  with  the  positive,  and  the  lowest  plate  with  the 
negative,  pole  of  the  dynamo ;  the  copper  therefore  travelled  from 
above  downwards,  that  is  to  say,  it  was  deposited  upon  the  upper  sur- 
face of  each  plate.  Linen  diaphragms  had  therefore  to  be  inserted 
between  the  plates  to  prevent  impurities  from  dropping  down  upon 
the  electrolytically  deposited  copper. 

In  Randolph's  process  the  plates  were  also  horizontal ;  the  lowest 
plate  was  connected  with  the  positive,  and  the  topmost  plate  with 
the  negative,  pole  of  the  current,  so  that  the  copper  travelled  &om 
below  upwards ;  that  is  to  say,  the  copper  was  deposited  upon  the 
under  surface  of  the  plates.  The  electrol3rte  was  made  to  circulate 
horizontally  ;   diaphragms  were  not  required  in  this  arrangement. 

Hayden's  process  has   the   advantage  over  those  of  Smith  and 
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Randolph  that  any  interruptions  are  easily  discovered  and  overcome, 
whereas  in  the  latter  method  the  electrodes  have  to  be  removed  from 
the  baths  should  anjrthing  go  wrong. 

Tlie  Anode  Mud 

This  contains  gold  and  silver,  the  separation  of  which  is  one  of 
the  objects  of  the  electrolysis  of  anode  copper ;  in  addition  it  con- 
tains selenium  and  tellurium.  In  the  United  States,  copper  is  not 
electrolysed  unless  it  contains  30  ounces  per  ton  of  silver.  When  the 
precious  metals  and  other  impurities  in  the  copper  reach  a  certain 
value,  they  cling  wholly  or  in  part  to  the  anode  during  electrolysis, 
thereby  increasing  the  resistance  in  circuit  and  contaminating  the 
electrolyte  and  the  cathode  copper.  To  get  over  this  difficulty  it  is 
necessary  to  resort  either  to  the  laborious  and  costly  process  of  scrap- 
ing the  anodes,  or  better,  to  bring  down  the  quantity  of  these  impuri- 
ties to  a  convenient  degree  by  melting  with  copper  poorer  in  these 
constituents.  The  following  table  gives  the  impurities  (per  cent.)  of 
two  grades  of  copper  used  as  anodes,  with  which  the  anode  deposits 
had  to  be  separated  mechanically.^ 


1 

1 

Lead. 

1 
1 

I.  .  . 

.    .  '    0-0028 

11.  .  . 

.    .  '    0-2990 

I  Selenium 
BiBiuuth.    Antimony.'    Arsenic.  and 

I  '  Tellurium. 


0-0208 


0-3691    I    1-3200  ,    00326 
01940   I    0-1740       00117 


Silver.  Gold. 

Ouncca    i    Ouncea 
per  ton.       per  ton. 


349-90 
320-70 


5-46 
314 


Kellner  {loc,  cit.)  gives  the  composition  (per  cent.)  of  two  samples 
of  anode  mud  (dried  at  250°)  and  of  the  anodes  from  which  they 
are  derived. 


A«. 

An.        Cu. 

Pb. 

Bi. 

8b.       Afl. 

1 

Se.  '  Te. 

1 

Pe. 

8O4. 

H2O. 

I.  Slime  ....  53-894 

0-2959   11-010 
rO-51    ) 

0910 

0-980 

6 -260^2-107 

0 -3941 11 74 

5-268 

2-360 

I.  Anode  copper    0  0848 

{(o«.per>  99-30 

0-0098 

00820 

0-065  00586  0-002  0007 

, 

\  ton)  / 

II.  Slime  ....  |55  150 

0  198      18-820 

2-070      0-840 

2-440  1-090 

0-718 ;  0-892 

0-600 

10-680  2-604 

' 

/   nut    ) 

{  deter- '  i>9-40 

I   not  \ 

{  deter-l  0-0036 

! 

II.  Anode  copper  i  0-8444 

0--251  0-018 

0  004  0-005 

.^ 

^^ 

_ 

Imined )             iininedj 

1 

1 

The  further  treatment  of  the  mud  for  silver  and  gold  is  described 
under  the  extraction  of  silver. 


Kellner,  The  Mineral  Industry,  1899,  p.  239. 
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The  Electrolytic  Copper, 

Copper  deposited  by  electrolysis  is  not  chemically  pure ;  it  always 
contains  some  of  the  impurities  present  in  the  electrolyte,  and  when 
prepared  by  Hayden's  method  it  contains  some  of  the  impure  anode 
copper  itself.  In  the  following  table,  taken  from  Kellner,^  I.  repre- 
sents the  impurities  in  a  sample  of  the  purest  electrolytic  copper,  II. 
the  same  in  the  brittle  and  least  pure  sample  that  came  before  his 
notice. 


Oz.  per  ton. 


8b. 
Per  cent. 


II.     ... 


0-18 
017 


i    0-00065 
1    002730 


Per  cent. 


0-00022 
0  01046 


O. 
Per  cent. 


Bi. 
Per  cent. 


Pb.         . 


0-01 
0-05 


0-0017 


trace 


The  next  table  shows  the  composition  of  the  copper  used  in  and 
prepared  by  Hayden's  method :  ^ — 


Converter  copper  used  for 

anodes 

Cathode   copper    (market 

copper) 

Cathode  copper  freed  from 

anode  copper i  0-00055        — 


Lead. 
Per  cent. 


BiAuiuth. 
Per  cent. 


^'***-     I  Arsenic, 
mony.     |  p^,^  ^ent. 
Percent,  i 


0-01030  I  0-00400 

I 

0-00047  I  0-00018 


0-06300  I  002110 
0-00136  000069 
000004  0-00026 


Selenium  ,    _.., 

and  S"^*"" 

Tellurium. 
Per  cent. 


Ounces 
per  tou. 


0-0072       10000 

—  Ill 

—  '       0-36 


The  electrical  conductivity  of  the  electrolytic  copper  was  found  to 
be  2  per  cent,  higher  than  the  same  after  melting  and  refining 
(Kellner,  loc.  cit.).  Here,  then,  is  scope  for  some  inventive  mind  to 
devise  a  process  either  for  preparing  wires  for  electrical  purposes 
from  electrolytic  copper  without  remelting,  or  to  carry  out  that  pro- 
cess without  lessening  the  conductivity. 


Preparation  of  Manufactured  Articles  by  Electrolysis, 

This  is  a  recent  development.  Copper  tubes  are  made  in  this 
way  by  deposition  of  the  copper  upon  rotating  cylinders,  uniformity 
of  the  deposit  being  attained,  according  to  Elmore,  by  rolling  and 
polishing  under  the  pressure  of  agate  rollers,  or  by  beating  with 
little  hammers  actuated  by  electro-magnets.     Dumoulin  arranges  an 


»  Oj).  cit.  p.  242. 


Kellner,  op.  rit.  p.  241. 
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automatic  contrivance  for  covering  the  places,  where  deposition  takes 
place  too  quickly,  with  an  insulating  layer.  Tubes  prepared  in  this  way 
have  great  tenacity,  and  wire  prepared  from  them  on  the  lathe  by 
means  of  small  circular  saws  cutting  spirally,  the  strips  thus  formed 
being  afterwards  drawn,  possess  high  electric  conductivity ;  but  the 
tubes  themselves,  when  of  large  diameter,  with  sharp  bends  and  under 
high  steam-pressure,  frequently  burst,  since  the  copper  deposited  in 
a  flaky  condition  does  not  form  a  homogeneous  mass,  but  tends  to 
scale  off.  According  to  Thofehrn  these  defects  are  overcome  by 
electrolysing  under  high  hydraulic  pressure,  in  lead  tubes  fitted  with 
cores  and  rows  of  little  holes.  At  densities  of  416  amperes  per  square 
yard  the  copper  is  said  to  be  deposited  as  a  felt-like  mass  of  inter- 
lacing hairs,  and  a  uniform  tube  is  thus  produced.  Wire  from  these 
tubes  is  said  to  have  a  conductivity  of  100  per  cent.,  elasticity  of  2^ 
per  cent.,  and  tensile  strength  of  33  tons  per  square  inch.^ 

^  Zeifachr.  des  Vereine  deutscher.  higenieurey  1898,  p.  1119. 
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Physical  Properties 

Lead  possesses  a  characteristic  bluish -gray  colour  and  a  well- 
marked  metallic  lustre.  It  loses  this  lustre  on  exposure  to  the  air, 
its  surface  becoming  dull  gray.  It  is  soft  enough  to  be  indented  with 
the  nail  and  can  be  cut  with  a  knife,  the  softness  of  the  metal 
increasing  with  its  purity.  Its  malleability  is  such  that  it  can  be 
rolled  into  thin  sheets,  and,  by  previous  heating,  it  can  be  "  squirted  " 
into  rods  and  tubes ;  it  cannot,  however,  be  drawn  into  fine  wire  on 
account  of  its  want  of  ductility  and  its  low  tensile  strength.  The 
specific  gravity  of  lead  lies  between  11'254«  and  11*395,  and  is  only 
very  slightly  increased  by  rolling ;  according  to  Knab  ^  the  specific 
gravity  of  cast  lead  is  11'352,  of  rolled  lead  11'358.  The  specific 
gravity  is  lowered  by  the  presence  of  other  metals,  so  that  it  furnishes 
an  indication  of  the  softness  and  purity  of  the  lead. 

Lead  crystallises  in  the  cubical  system,  and  melts  between  334 
and  336°  C.  (325°,  Le  Chatelier).  At  a  bright  red  heat,  in  the  pre- 
sence of  air,  it  volatilises  pei'ceptibly,  but  only  to  a  very  slight  extent 
if  air  be  excluded;  at  a  white  heat  (1600'' — 1800°  C.)  it  boils.  Ac- 
cording to  Carnelly  and  Williams  its  boiling  point  lies  between  1450^ 
and  1600°. 

The  conductivity  of  lead  for  heat  and  electricity  is  low.  According 
to  Wiedemann  and  Franz,  taking  silver  as  100  in  each  case,  the 
conductivity  for  heat  at  12°  C.  is  8*5 ;  and  for  electricity  at  the  same 
temperature  10*7. 

Antimony,  arsenic,  copper,  and  zinc  diminish  the  softness  of  lead 
when  present  to  any  considerable  extent,  antimony  and  arsenic 
rendering  it  brittle,  hard,  and  easily  fusible.  The  presence  of  anti- 
mony is  desirable  in  hard  lead  (antimonial  lead),  and  alloys  containing 
over  20  per  cent,  of  antimony  are  used  for  the  production  of  type 

»  Traitedf  MHalhmfie,  Paris,  1891. 
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metal,  metal  for  bearings,  shot  and  bullets.     Lead  used  for  rolling 

into  sheet  should,  on  the  contrary,  be  free  from  arsenic  and  antimony. 

Metallic  sulphides  act  similarly  to  arsenic  and  antimony  in  destroying 

the  softness  of  the  metal. 

Bismuth  in  small  quantities  does  not  exert  any  injurious  influence 

on  the  physical  properties  of  lead.  Even  when  present  to  a  consider- 
able extent  it  does  not  appear  to  interfere  with  its  malleability,  as, 
according  to  Junge,^  lead  containing  1*92  per  cent,  of  bismuth  is  as 
easily  rolled  into  sheets  as  soft  lead  quite  free  from  the  former  metal. 
Copper  occurs  in  such  small  amounts  in  properly  refined  lead  that 
it  is  without  influence  upon  its  physical  properties,  though  even  this 
small  amount  is  detrimental  in  the  case  of  lead  which  is  to  be  used 
in  making  glass,  or  for  the  manufacture  of  white  lead,  as  it  imparts  a 
greenish  tint  to  both.  According  to  Hampe,  borax  glass  containing 
only  0*0009  per  cent,  of  copper  oxide  is  scarcely  coloured,  whilst  the 
presence  of  0*0012  per  cent,  imparts  to  it  a  distinct  green  tinge. 

Iron,  zinc,  nickel,  and  cobalt  only  occur  in  such  minute  quantities 
in  refined  lead  that  their  influence  on  its  physical  properties  is 
unimportant. 

Chemical  Properties 

Lead  is  not  altered  by  dry  air,  but,  exposed  to  the  ordinary  atmo- 
sphere, it  becomes  covered  with  a  superficial  coating  of  suboxide,  PbgO. 
When  melted  in  air  its  surface  becomes  first  iridescent,  and  then 
covered  with  a  grayish  powder  or  dross  (Bleiasche),  At  a  red  heat 
it  is  converted  into  lead  monoxide,  and  after  long  heating  this 
changes  into  red  lead  (PbgO^  or  Pb^Og).  Moderately  concentrated  nitric 
acid  easily  dissolves  lead.  In  large  pieces  it  is  only  slightly  attacked 
by  hydrochloric  acid  or  by  cold  sulphuric  acid  of  less  than  60°  B., 
its  surface  becoming  covered  with  a  layer  of  chloride  or  sulphate, 
which  prevents  further  action  ;  in  a  state  of  fine  division,  however,  it 
is  slowly  converted  into  the  corresponding  salts  by  these  acids.  Hot 
concentrated  sulphuric  acid  attacks  it  rather  rapidly. 

Chemical  Reactions  of  Lead  Compounds  that  are  of 
Importance  in  the  Extraction  of  the  Metal 

LEAD   MONOXIDE   (PbO) 

Lead  monoxide  melts  at  a  bright  red,  but  is  only  volatile  at  a 
white  heat.  It  dissolves  easily  in  nitric  and  acetic  acids.  Heated  with 

*  Jahrbuchf&r  dtu  Berg-  und  Huitenipesen  im  Konigj-eich  Sachsen,  1888,  p.  8-. 
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silica  to  its  melting  point  it  forms  a  freely  fluid  silicate.  It  behaves 
as  an  acid  towards  powerful  bases  (potash,  soda,  baryta,  and  lime), 
and  is  dissolved  by  them.  It  is  produced  when  lead  is  heated  in  air, 
and,  provided  that  the  temperature  is  kept  below  the  melting  point 
of  the  oxide,  forms  a  yellow,  amorphous  powder  (massicot) ;  if  the 
temperature  be  high  enough  to  melt  the  lead  oxide,  it  forms  a  trans- 
parent, orange-coloured  fluid,  solidifying  to  a  crystalline  red  or  yellow 
mass  on  cooling.  In  this  form,  in  which  it  is  obtained  during  the 
separation  of  silver  from  lead,  it  is  known  as  litharge  (Bleigldtte) ;  it  is 
distinguished,  according  to  its  colour,  as  yellow  or  silver  litharge  and 
red  or  gold  litharge,  the  two  varieties  not  differing,  however,  in 
chemical  composition.  On  heating,  yellow  litharge  becomes  red, 
regaining  its  colour  on  cooling,  whilst  red  litharge  becomes  yellow  if 
quickly  cooled  after  heating. 

Large  masses  of  molten  litharge,  when  allowed  to  cool  slowly,  fall 
to  pieces,  owing  to  expansion  taking  place,  and  form  partly  fine  powder 
and  partly  crystalline  flakes  with  metallic  lustre.  This  phenomenon 
is  due  to  the  absorption  of  oxygen  by  the  molten  litharge  and  the 
evolution  of  the  gas  upon  solidification.  On  long  exposure  to  the  air 
litharge  slowly  absorbs  carbon  dioxide. 

Heated  in  contact  with  carbon  or  carbon  monoxide  it  is  easily 
reduced  to  metal.  Heated  to  bright  redness  with  lead  sulphide, 
in  the  proportion  of  two  molecules  of  litharge  to  one  of  sulphide,  the 
whole  of  the  lead  in  both  compounds  is  reduced  to  metal  and  sulphur 
dioxide  evolved,  according  to  the  equation — 

PbS-|-2PbO  =  3Pb+SOj, 

any  excess  of  litharge  over  this  amount  remaining  unreduced.  With 
other  metallic  oxides,  litharge  forms  easily  fusible  mixtures,  even  if 
the  other  oxide  is  not  itself  fusible.  To  many  metals  and  metallic 
sulphides  it  yields  oxygen,  an  equivalent  quantity  of  lead  being  set 
free  ;  antimony,  arsenic,  tin,  bismuth,  copper,  zinc,  and  iron  are  thus 
all  more  or  less  completely  oxidised.  Red  lead  is  a  compound  of 
monoxide  and  peroxide,  and  has  been  given  the  formula  PbjO^.  It  is  a 
bright  red  powder,  obtained  by  prolonged  heating  of  the  amorphous 
monoxide  at  a  temperature  of  300°  C. ;  at  higher  temperatures  it  is 
resolved  into  oxygen  and  the  monoxide. 

LEAD  SULPHIDE 

It  occurs  in  nature  as  the  mineral  galena,  and  can  be  artificially 
prepared  by  melting  together  sulphur  and  lead,  or  by  adding  sulphur- 
etted hydrogen  to  a  solution  of  a  lead  salt.     It  is  also  produced  in 
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smelting  lead  ores,  as  a  sublimate  on  the  cooler  parts  of  the  furnace 
walls. 

Lead  sulphide  melts  in  the  absence  of  air  at  a  bright  red  heat  (at 
dSo""  C.  according  to  Lodin),  forming  a  thin  liquid,  and  volatilises  at 
a  higher  temperature ;  the  molten  sulphide  easily  permeates  clay 
crucibles.  According  to  Foumet,  if  lead  sulphide  is  heated  to  red- 
ness in  a  carbon  crucible,  it  loses  part  of  its  sulphur  and  is  changed 
into  a  mass,  the  upper  part  of  which  is  composed  of  monosulphide, 
PbS,  whilst  the  lower  portion  consists  of  subsulphide,  Pb^S. 
This  sulphide  can  be  obtained  in  the  pure  state  in  the  form 
of  dull  gray  scales  by  melting  together  lead  and  lead  monosulphide 
in  molecular  proportions  under  a  layer  of  borax  glass  ;  according  to 
Bredberg,  if  the  borax  cover  be  omitted,  a  lower  sulphide  of  the 
composition  Pb^S  is  obtained.  Percys  researches  led  him  to 
the  conclusion  that  lead  can  be  melted  in  all  proportions  with  its 
sulphide,  forming  whilst  fluid  a  homogeneous  mass,  which,  however, 
separates  on  cooling  into  two  distinct  layers  of  lead  and  monosulphide. 

If  lead  sulphide  be  submitted  to  prolonged  heating  in  the  presence 
of  air  (roasting),  the  temperature  being  kept  below  its  melting  point,  it 
is  converted  into  monoxide  mixed  with  a  certain  amount  of  sulphate. 
If  the  roasting  be  interrupted  at  an  earlier  stage  of  the  process,  then 
a  mixture  of  monoxide,  sulphate,  and  sulphide  is  obtained,  the  relative 
proportions  of  the  three  compounds  depending  on  the  duration  of  the 
roasting.  Both  oxide  and  sulphate  are  formed  in  the  roasting  of  lead 
sulphide  as  soon  as  the  temperature  reaches  a  point  at  which  the 
mass  becomes  pasty  or  fluid.  As  already  mentioned,  lead  oxide  reacts 
with  lead  sulphide  according  to  the  equation — 

2PbO  +  PbS  =  3Pb  +  SOg. 

When  lead  sulphate  is  heated  with  the  sulphide  in  equal  molecular 
proportions,  sulphur  dioxide  is  evolved,  and  the  lead  in  both  com- 
pounds is  obtained  in  the  free  state — 

PbS  +  PbSO^  =  2Pb  +  2SO2. 

If  the  sulphide  is  present  in  excess,  then  a  corresponding  amount 
remains  imdecomposed,  whilst  according  to  some  authorities  who 
admit  the  existence  of  a  subsulphide,  this  is  also  formed  in  addition 
to  lead  and  sulphur  dioxide.^ 

In  the  first  case,  supposing  the  bodies  to  be  present  in  the  propor- 
tion of  two  molecules  of  sulphide  to  one  of  sulphate,  then  the  reaction 
would  be  represented  thus — 

2PbS  -I-  PbSO^  =  2Pb  -h  PbS  +  2S0„ 

'  Si»e  also  Jenkins  and  Smith,  Trafis.  Chtm.  Sor.  1897. 
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or  in  the  latter  case  by  the  equation — 

2PbS  +  PbSO,  =  PbgS  +  Pb  +  2SO2. 

If  the  sulphate  is  present  in  excess,  then,  according  to  the  quan- 
tity present,  either  metallic  lead  and  monoxide  are  produced,  or  the 
oxide  only,  as  instanced  by  the  following  equations,  which  represent 
the  reactions  taking  place  between  one  molecule  of  lead  sulphide  and 
two  and  three  molecules  of  sulphate  respectively  : — 

PbS  +  2PbS0^  =  2PbO  +  Pb + 3SO2. 
PbS  +  3PbS0,  =  4PbO  +  4SO2. 

Working  on  the  lines  indicated  by  the  foregoing  reactions,  metal- 
lic lead  can  be  obtained  from  the  sulphide  by  first  roasting  it  up  to  a 
certain  point,  and  subsequently  submitting  the  roasted  mass  to  a 
higher  temperature. 

The  two  equations  just  given,  which  express  the  fundamental 
reactions  in  the  air  reduction  process,  have  been  proved  to  be  inaccu- 
rate under  certain  circumstances.^  Hannay  found  that  only  half  of 
the  lead  separated  in  a  metallic  state  when  air  was  blown  through 
molten  lead  sulphide,  and  he  assumed  that  the  other  half  volatilised 
in  the  form  of  the  compound  PbSjOj — 

2PbS  +  02  =  Pb  +  PbS202. 

Jenkins  and  Smith,  however,  observed  that  when  air  or  oxygen  is 
passed  over  heated  galena,  the  quantity  of  lead  volatilised  is  by  no 
means  half  of  the  full  quantity ;  it  varies  between  wide  limits,  and 
appears  to  depend  on  the  velocity  of  the  stream  of  gas.  Further 
experiments  showed  that  when  lead  is  heated  with  sulphur  dioxide 
to  300-400°,  lead  sulphide  and  sulphur  trioxide  are  formed  in  accord- 
ance with  the  equation — 

Pb-h3S02  =  PbS  +  2S08. 
Then  lead  sulphate  is  formed  as  follows : 

« 

Pb-hS03  =  PbO  +  S02. 
PbO  +  S03  =  PbSO,. 

Summing  up  these  equations  we  get — 

2Pb-h2S02  =  PbS  +  PbSO^. 

And  this  equation  (which,  however,  only  represents  the  reaction  when 

^  Vide  Eny.  and  Min.  JournoUt  1897,  No.  25  ;  Jenkins  and  Smith,  op,  cif,  p.  104  ; 
Chem,  Ztij,  Jiepert.  1897,  21,  318. 


LEAD  375 

excess    of   sulphur  dioxide   is   present)   is   the   reverse   of  Percy's 

equation — 

PbS  +  PbSO^  =  2Pb  +  2SO2. 

Now,  reversible  reactions  are  never  completed ;  an  equilibrium  is 
set  up  amongst  the  products  of  reaction,  which  depends  (among  other 
things)  on  the  masses  of  the  reacting  substances  and  on  the  tem- 
perature. If,  in  the  case  in  question,  we  remove  one  of  the  four 
products  of  reaction,  viz.,  lead  sulphide,  lead  sulphate,  lead,  and 
sulphur  dioxide,  then  the  equilibrium  is  disturbed. 

If  we  take  care  to  remove  the  sulphur  dioxide  as  soon  as  it  is 
formed,  by  a  suflSciently  rapid  stream  of  air,  then  lead  sulphide  and 
lead  sulphate  will  become  completely  converted  into  lead  and  sulphur 
dioxide.  The  deviations  from  the  above  equations  have  therefore 
been  cleared  up  by  the  recognition  of  the  volatility  of  galena,  and  of 
the  reversibility  of  the  separate  reactions,  and  no  further  grounds 
remain  for  doubting  their  validity.^ 

When  lead  sulphide  is  melted  together  with  alkalies  or  alkaline 
earths,  decomposition  ensues,  metallic  lead  and  alkaline  sulphides 
and  sulphates  being  produced.  Thus  lead  sulphide  is  decomposed 
by  lime  according  to  the  equation — 

4PbS  +  4CaO  =  3CaS  +  CaSO^ + 4Pb. 

Sulphide  of  lead  melted  with  cupric  oxide  yields  cupriferous  lead 
together  with  a  sulphur  compound  of  copper  and  lead,  and  a  mixture 
of  cuprous  and  lead  oxides.  Ferric  and  ferrous  oxides  cause  no 
separation  of  lead  from  the  sulphide. 

Melted  together  with  metallic  iron,  lead  sulphide  is  reduced  with 
the  formation  of  ferrous  sulphide.  This  reaction  does  not,  however, 
take  place  in  the  simple  way  that  the  equation 

2PbS  +  2Fe  =  2FeS  +  2Pb   ' 

seems  to  indicate,  but  it  depends  upon  the  marked  tendency  which 
iron  sulphide  exhibits  to  form  double  sulphides,  so  that  part  of  the 
lead  sulphide  is  converted  into  a  double  sulphide  {lead  matte). 

Instead  of  the  theoretical  86*6  per  cent,  of  lead  yielded  by  the 
pure  sulphide,  only  72  to  79  per  cent,  can  be  obtained  in  this  way, 
the  remainder  existing  .as  lead  sulphide  combined  with  iron  sulphide 
in  the  matte.  According  to  observations  made  at  the  smelting  works 
in  the  Upper  Harz,  the  amount  of  lead  obtainable  from  the  sulphide 
by  means  of  metallic  iron  depends  both  upon  the  temperature  at 
which  the  operation  is  conducted,  and  upon  the  relative  amounts  of 

1  Bodlander,  Btrg-  and  HiUttnm.-Ztg.  1898,  p.  409. 
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iron  and  lead  sulphide  present.  The  higher  the  temperature  the 
more  complete  is  the  decomposition,  and  the  most  favourable  ratio 
between  the  amounts  of  iron  and  of  sulphide  is  20-25  parts  of  the 
former  to  100  parts  of  the  latter.  This  is  in  about  equal  molecular 
proportions,  and  the  reaction  may  then  be  expressed  as  follows : — 

3PbS  +  3Fe  =  2Pb + (PbS  +  Fe,S  +  FeS). 

It  must  be  remarked  here  that  the  existence  of  Fe^S  is  question- 
able. 

If  the  iron  is  present  in  smaller  amounts,  then  less  lead  is  sepa- 
rated. By  increasing  the  amount  of  iron  more  lead  is  set  free,  but 
the  amount  so  obtained  is  much  smaller  than  should  be  produced  by 
the  excess  of  iron  employed. 

By  melting  lead  sulphide  with  copper,  it  is  readily,  though  not 
completely,  reduced.  Zinc  and  tin  react  only  slightly,  and  antimony 
not  at  all.  Basic  ferrous  silicate  (subsilicate)  in  presence  of  charcoal 
reduces  lead  sulphide  to  metal  when  heated  with  it  to  its  melting 
point — 

Fe.SiOe + 2PbS  +  2C  =  Fe^SiO, + 2FeS  +  2Pb + 2C0. 

By  melting  zinc  chloride  and  lead  sulphide  together,  lead 
chloride  and  zinc  sulphide  are  obtained  according  to  the  equation — 

PbS  +  ZnCl2  =  PbCl2+ZnS. 

LEAD  SULPHATE   (PbSOJ 

It  melts  at  a  high  temperature,  but  is  only  very  slightly  volatile. 

Strongly  heated  with  the  requisite  amount  of  carbon,  it  is  reduced 
to  sulphide  with  the  formation  of  carbon  dioxide  according  to  the 
equation — 

PbSO,+2C  =  PbS  +  2C02. 

If  the  carbon  is  present  in  smaller  proportions  a  portion  of  the 
sulphate  remains  unaltered,  thus  : — 

2PbSO,+2C=  PbS0,+PbS  +  2C0^ 
4PbS0, + 2C  =  3PbS0, + PbS  +  200^. 

By  heating  with  lead  sulphide,  the  sulphate  is  decomposed,  as 
previously  described  (p.  374).  By  melting  together  with  silica,  it  is 
converted  into  lead  silicate  with  evolution  of  sulphur  trioxide  or  of 
sulphur  dioxide  and  oxygen. 

Lead  sulphate  is  dissolved  by  aqueous  solutions  of  the  chlorides  of 
the  alkalies  as  well  as  by  calcium  chloride  ;  from  these  solutions  the 
lead  can  be  precipitated  by  means  of  zinc  or  iron. 
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LEAD   CARBONATE   (PbCOg) 

It  decomposes  on  heating  to  200^0.  into  monoxide  and  carbon 
dioxide.  Heated  with  carbon  or  carbon  monoxide  up  to  the  tem- 
perature at  which  the  oxide  is  reduced,  it  is  converted  into  the 
metal. 

LEAD  SILICATE 

According  to  L.  Beck's  researches,  conducted  in  Percy's  laboratory, 
all  lead  silicates  are  easily  fusible,  down  to  the  trisilicate,  Pb^SijOg.  The 
higher  silicates  are  difficultly  fusible,  and  when  the  proportion  between 
the  lead  oxide  and  silica  is  in  the  ratio  of  1  :  18,  only  a  fritted  mass 
is  obtained. 

Heated  with  charcoal  the  easily  fusible  basic  silicates  yield  a 
portion  only  of  their  lead,  whilst  difficultly  fusible  acid  silicates  or 
mixtures  of  free  silica  and  acid  silicates  remain  behind.  Heated  with 
the  requisite  amount  of  ferric  oxide  and  charcoal,  the  whole  of  the 
lead  is  reduced  and  a  ferrous  silicate  formed ;  and  by  heating  a 
mixture  of  lead  silicate  and  metallic  iron  to  bright  redness,  the  same 
result  is  obtained. 

Mixed  with  lime  and  charcoal,  it  is  only  reduced  at  high  tem- 
peratures. A  mixture  of  lime,  ferrous  silicate,  and  charcoal  reduces 
it  at  a  lower  temperature  with  the  formation  of  calcium-ferrous 
silicate. 

The  sulphides  of  iron,  barium,  and  calcium  reduce  lead  silicate  to 
metallic  lead  at  high  temperatures,  silicates  of  the  metals  being 
formed,  and  sulphur  dioxide  evolved. 

LEAD   ANTJMONIATE 

is  easily  reduced  by  carbon  or  carbon  monoxide,  forming  antimonial 
lead. 

LEAD  CHLORIDE 

Lead  chloride  is  soluble  in  a  large  quantity  of  cold  and  more 
freely  in  hot  water.  It  is  only  difficultly  soluble  in  dilute  but  readily 
in  strong  hydrochloric  acid.  Fused  with  oxide  or  sulphide  of  lead, 
it  mixes  with  them  in  all  proportions.  It  is  completely  reduced  by 
carbon  monoxide.  Melted  with  zinc,  lead  is  separated  and  zinc  chloride 
formed — 

PbCl,4-Zn  =  Pb4-ZnCl2. 
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LEAD  ALLOYS 

Lead  alloys  with  tin,  gold,  silver,  bismuth,  arsenic,  and  antimony 
in  all  proportions.  Copper  and  zinc  dissolve  it  only  to  a  limited 
extent,  and  iron  in  only  very  small  amounts.  If  a  copper-lead  alloy 
be  heated  up  to  the  melting  point  of  lead,  the  greater  part  of  that 
metal  flows  away,  leaving  behind  a  more  diflScultly  fusible  copper-lead 
alloy. 

From  its  alloys  with  gold,  silver  and  bismuth,  lead  can  be 
separated  as  oxide  by  submitting  the  alloy  to  an  oxidising  fusion. 
Arsenic,  antimony,  zinc,  iron,  nickel,  cobalt,  and  tin  can  be  separated 
from  their  respective  alloys  with  lead,  as  arseniate  or  antimoniate 
of  lead  in  the  first  two  cases,  or  as  oxides  in  the  case  of  the  remain- 
ing metals,  by  melting  the  alloy  in  an  oxidising  atmosphere. 

If  a  lead-silver  or  a  lead-gold  alloy  be  made  the  anode  in  an 
electrical  circuit,  a  lead  plate  serving  as  cathode  and  a  solution  of 
a  lead  salt  (acetate)  as  the  electrolyte,  then  on  passing  a  sufficiently 
powerful  current  the  lead  of  the  alloy  is  deposited  on  the  cathode, 
whilst  the  precious  metal  remains  behind  at  the  anode  in  the  form  of 
a  fine  mud. 


Ores  of  Lead 

GALENA  (PbS) 

The  most  important  ore  of  lead  is  lead  glance  or  galena,  containing 
86  57  per  cent,  of  lead  and  13'43  per  cent,  of  sulphur.  It  usually 
contains  silver  either  as  an  isomorphous  mixture  of  silver  sulphide  or 
as  finely  disseminated  silver  ores. 

The  silver  content  varies  between  the  merest  trace  and  1  per 
cent.,  usually  lying  between  O'Ol  and  01  per  cent,  (galena fix)m  Mecher- 
nich,  in  Rhenish  Prussia,  contains  from  001  to  0014  per  cent.,  that 
from  the  veins  of  the  Upper  Harz  up  to  0*2  per  cent.).  Fine-grained 
galena  is  usually  richer  in  silver  than  the  coarse,  and  especially  than 
the  scaly  varieties,  though  at  Broken  Hill,  N.S.  W.,  exactly  the  reverse 
IS  the  case. 

Galena  is  found  in  nearly  all  countries.  In  Europe,  in  Germany 
(Upper  and  Lower  Harz,  the  Erzgebirge,  Upper  Silesia,  Mechernich 
in  Rhenish  Prussia,  Stolberg,  Bensberg,  Ramsbeck  in  Westphalia, 
Siegen,  Holzappel  in  Hesse-Nassau,  Ems,  Braubach) ;  in  Austro- 
Hungary  (Carinthia,  Hungary,  Transylvania,  the  Tyrol  and  Bohemia)  ; 


LEAD  379 

in  Great  Britain  (Shropshire,  Devonshire,  Cornwall,  Wales,  the  Isle 
of  Man,  and  in  parts  of  Scotland  and  Ireland) ;  in  France  (Pontgibaud)  ; 
in  Belgium  (Bleiberg  near  Mons,  Corphalie) ;  in  Russia  (Allagir) ;  in 
Spain  (Carthagena,  Linares,  Andalucia,  St.  Sebastian,  Badajoz) ;  in 
Italy  (Sardinia) ;  in  Greece  (Laurium),  as.  well  as  in  Sweden  and 
Norway  and  Turkey.  In  America  it  occurs  in  the  United  States,  in 
Mexico  and  Breizil.  The  most  important  American  deposits  are 
found  in  the  States  of  New  York,  Illinois,  Wisconsin,  Iowa,  Colorado 
(Leadville),  Missouri,  Idaho,  Montana,  Utah,  Nevada,  California  and 
New  Mexico.  In  Africa,  galena  occurs  in  Tunis  and  Algeria 
(Kefoun  and  Teboul) ;  in  Asia  in  the  Altai  Mountains  and  in  India 
(the  kingdom  of  Ava,  Lao  Mountains  and  Malla-Malla  Mountains) ; 
in  Australia,  in  New  South  Wales  (Broken  Hill),  in  Queensland  and 
in  Tasmania. 

Galena  is  accompanied  mainly  by  zinc  blende,  iron  and  copper 
pyrites,  arsenical  and  antimonial  compounds,  as  well  as  by  quartz, 
calcspar,  dolomite,  barytes  and  spathic  iron  ore. 

CERUSSITE  (PbCOg) 

contains  77*62  per  cent,  of  lead.  This  is  a  decomposition  product  of 
galena,  and  consequently  usually  occurs  in  the  upper  portions  of 
plumbiferous  deposits.  In  the  earthy  state,  mixed  with  clay,  it  is 
known  as  "  lead  earth."  Sometimes  it  occurs  mixed  with  so  much 
carbonaceous  matter  as  to  be  quite  black  in  appearance,  and  is  then 
known  as  black  lead  ore  (Schwarzbleierz).  In  some  cases  it  is  argenti- 
ferousowing  to  an  admixture  of  the  chloride  or  iodide  or  of  native  silver 
(Lieadville,  Colorado,  United  States ;  Broken  Hill,  N.S.  W.).  Cerussite 
does  not  oflben  occur  in  sufficiently  large  amounts  to  enable  it  to  be 
separately  smelted.  The  most  important  localities  are  in  the  moun- 
tain districts  of  Carthagena  and  Linares  (Spain),  in  the  Laurium 
Mountains  (Greece),  in  the  Altai  Mountains  (Asiatic  Russia),  and 
especially  at  Leadville  (Colorado),  as  well  as  recently  at  Broken  Hill, 
N.S.W. 

ANGLESITE   (PbSO^), 

with  683  per  cent,  of  lead,  is  also  formed  by  the  decomposition  of 
galena,  and  is  usually  found  on  the  outcrop  of  ore  deposits,  but  to  a 
much  smaller  extent  than  the  carbonate,  so  that  it  is  only  exception- 
ally mined  by  itself  It  is  poor  in  silver,  and  has  been  obtained  in 
considerable  quantities  in  France,  Spain,  Sardinia,  and  Australia. 
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PYROMORPHITE, 

PbCl2+3(Pb3P,08), 

with  69*5  percent,  of  lead,  and  Mimetesite,  PbClj+SCPbgAs^Og),  with 
76*2  per  cent,  of  lead,  are  also  formed  by  the  decomposition  of  galena, 
and  occur  in  the  upper  portions  of  deposits  of  lead  ores.  Both 
substances  contain  only  traces  of  silver,  and  neither  occur  in 
sufRciently  large  amounts  to  be  separately  smelted.  They  occur  at 
Ems  (Hesse-Nassau,  Prussia)  and  St.  Martin  (Spain). 

The  remaining  lead-containing  minerals  are  seldom  used  for  the 
production  of  the  metal.  Amongst  others  are  Wulfenite  (lead 
molybdate),  Crocoite  (lead  chromate),  Stolzite  (lead  tungstate), 
Vanadinite  (lead  vanadate  and  chloride),  Mendipite  (an  oxy chloride), 
Boulangerite  (3PbS,Sb2S3),  Boumonite,  and  Jamesonite. 

PLUMBIFEROUS  METALLURGICAL   PRODUCTS 

In  addition  to  the  ores  of  lead  a  variety  of  substances,  obtained  in 
the  various  processes  of  lead  smelting,  and  especially  in  the  extraction 
of  silver,  are  also  employed  as  sources  of  the  metal.  They  chiefly 
consist  of  oxides,  silicates,  antimoniates,  sulphides  and  alloys  of  lead. 
The  oxidised  products  are  litharge,  cupellation  hearths,  and  lead 
dross ;  the  silicates  are  the  various  lead  slags,  furnace  scums  and 
residues ;  the  sulphides  are  lead  mattes,  and  the  alloys  containing  lead 
are  zinc  scum  from  Parkes's  process  and  plumbiferous  black  copper. 

The  Production  of  Metaluc  Lead 

The  extraction  of  lead  from  its  ores  and  from  plumbiferous 
smelting  residues  is  mainly  effected  by  dry  methods.  Wet  methods 
are  not  employed  for  the  extraction  of  the  melal  from  its  ores  on 
account  of  the  much  easier  application  of  dry  processes,  and  they  are 
only  very  exceptionally  resorted  to  in  the  treatment  of  plumbiferous 
residues  (dissolving  lead  sulphate  from  burnt  pyrites  by  means  of 
calcium  chloride  solution  and  precipitating  the  lead  by  metallic  iron). 
Electrolytic  processes  are  not  employed  in  the  treatment  of  ores,  nor 
have  they  made  much  progress  in  the  treatment  of  silver-lead  alloys 
as  the  dry  methods  are  less  costly.  The  proposal  to  separate  lead 
from  bismuth  electrolytically  has  not  been  definitely  adopted.  Lead 
obtained  by  dry  processes  from  ores  or  plumbiferous  materials  is 
usually  contaminated  with  other  metals  which  act  disadvantageously 
upon  it,  and  it  has,  therefore,  to  be  submitted  to  a  process  of  purifi- 
cation, the  so-called  sqfterdng  or  improving. 


LEAD  381 


EXTRACTION   OF  LEAD   FROM   ITS   ORES 

The  chief  ore  of  lead  is  galena.  Next  in  importance  comes  the 
carbonate,  which  is,  however,  only  comparatively  rarely  smelted 
by  itself,  and  still  more  exceptional  is  the  treatment  of  sulphate 
ores  alone. 


THE  EXTRACTION  OF  LEAD  FROM  GALENA 

A  consideration  of  the  various  chemical  relationships  of  lead 
sulphide  and  of  its  reactions  with  other  compounds  which  have 
previously  been  discussed  will  show  how  it  is  possible  to  obtain 
metallic  lead  from  it  in  several  ways.  Three  methods  of  smelting 
are  available : — 

1.  The  galena  is  first  roasted  to  such  a  degree  that  a  mixture  of 
lead  sulphide,  oxide,  and  sulphate  is  produced  containing  the  three 
compounds  in  definite  proportions,  and  then  the  temperature  is 
increased,  whereupon  the  oxide  and  sulphate  react  with  the  remain- 
ing sulphide,  producing  metallic  lead  and  sulphur  dioxide. 

2.  The  roasting  of  the  galena  is  continued  until  it  is  entirely 
decomposed  or  is  practically  converted  into  lead  oxide  mixed  with  a 
small  amount  of  sulphate ;  this  is  then  reduced  by  heating  it  with 
carbon.  The  sulphate  present  is  either  converted  into  silicate  by 
melting  with  silica  at  the  conclusion  of  the-  roasting  operation,  and 
this  silicate  is  reduced  to  metal  in  the  subsequent  smelting  with 
carbon  and  oxide  of  iron,  or  else  it  is  reconverted  in  the  latter 
operation  into  sulphide,  which  in  its  turn  is  reduced  by  metallic  iron. 

3.  Galena  is  decomposed  by  being  heated  with  metallic  iron,  lead 
being  set  free,  and  a  compound  of  sulphide  of  iron  and  sulphide*  of 
lead  (lead  matte)  produced. 

The  first  of  these  methods  is  known  as  the  air-reduction  process 
(**  Host'  und  ReactionsarheU  "\  the  second  as  the  roasting  and  carbon 
reduction  process  ("  Bost-  und  Beductionsarhcit "),  and  the  third  as 
the  precipitation  or  iron-reduction  process  {"  NiederscMagmrheit ''), 
In  all  these  processes  the  bulk  of  the  silver  in  the  ores  finds  its  way 
into  the  lead  produced,  which  is  known  as  work-lead  ("  WerhUei  "). 
In  many  cases  these  processes  are  not  kept  distinct,  but  are  to  a 
certain  extent  combined,  as  for  instance  when  residues  from  the  first 
process  are  reduced  with  carbon  or  with  metallic  iron,  or  the  second 
method  may  be  partially  carried  out  and  the  product  then  worked  up 
by  either  of  the  other  two  methods. 

The    air-reduction    processes    are    conducted    in  reverberatory 
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furnaces  or  hearths.  In  the  roasting  and  carbon-reduction  process, 
that  part  of  the  operation  that  involves  roasting  is  carried  out  in  one 
of  the  various  forms  of  calcining  furnace,  and  the  reduction  in  blast 
furnaces,  whilst  the  iron  reduction  process  is  conducted  in  blast 
furnaces,  or  occasionally  in  reverberatory  furnaces. 

The  selection  of  the  process  most  suitable  for  a  particular  ore 
depends  upon  the  substances  which  are  associated  with  the  galena, 
as  well  as  upon  the  character  of  the  available  fuel.  The  air-reduction 
process  admits  of  the  use  of  raw  fuel,  but  demands  a  rich  and 
pure  galena,  large  quantities  of  foreign  substances  interfering  with 
the  reaction  between  the  sulphide  and  the  oxide  and  sulphate. 
The  presence  of  quartz  or  acid  silicates  precludes  the  employment  of 
this  method,  comparatively  small  amounts  hindering  the  reactions, 
owing  to  the  formation  of  lead  silicate. 

The  iron-reduction  process  requires  a  carbonised  fuel,  highly 
ferruginous  fluxes  from  which  iron  can  be  reduced  in  the  blast 
furnace,  and  a  galena  which  is  rich  in  lead,  and  contains  only  small 
quantities  of  other  sulphides  (particularly  pyrites,  stibnite,  and  zinc 
blende),  as  these  are  reduced  to  a  certain  extent  by  the  iron,  involving 
a  waste  of  that  material,  whilst  a  portion  of  the  reduced  metal  alloys 
with  the  lead.  The  presence  of  quartz  or  earthy  matter  is  not 
disadvantageous.  As  galena  is  only  reduced  by  iron  at  a  high 
temperature,  a  large  amount  of  carbonised  fuel  is  required  in  the 
conduct  of  this  process. .  The  presence  of  lead  in  the  resulting  matte 
also  renders  necessary  a  subsequent  treatment  of  this  product.  If 
the  ore  contains  copper,  even  if  present  in  only  small  amounts,  it  is 
found  in  the  matte,  and  can  be  recovered  from  it  together  with  any 
silver  that  may  be  present.  The  advantages  of  this  process  are, 
that  no  roasting  of  the  ore  is  needed,  and  consequently  there  is 
a  proportionately  smaller  loss  of  silver  by  volatilisation ;  the  yield 
of  lead  is  large,  and  it  is  possible  to  obtain  any  copper  the  ores 
may  contain,  even  if  only  present  in  small  amounts.  Neverthe- 
less, in  most  instances  these  are  counterbalanced  by  the  above- 
named  disadvantages,  especially  by  the  large  consumption  of  fuel, 
and  by  the  comparatively  slow  rate  of  decomposition  of  the  galena, 
and  the  large  expenditure  in  wages. 

The  iron-reduction  process  is  therefore  rarely  carried  out  as 
a  complete  process  by  itself,  but  only  where  exceptional  conditions 
prevail  (as  in  the  Upper  Harz),  it  being  usually  combined  with  the 
roasting  and  carbon-reduction  process.  This  latter  process  {Host- 
und  Rednctionsarheit)  is  available  for  all  classes  of  ores  without 
regard  to  any  admixtures  they  may  contain,  and  their  percentage  of 
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lead  may  be  lower  than  is  the  case  ydth  ores  to  be  employed  for 
either  of  the  other  processes.  Copper  if  not  present  in  too  small 
a  quantity  can  also  be  collected  in  the  matte  if  the  formation  of  the 
latter  is  promoted  by  roasting  the  ore  less  completely.  This  method 
is  the  one  chiefly  employed. 

If  local  conditions  permit,  if  the  ore  is  a  pure  and  rich  one  free 
from  quartz  or  acid  silicates,  and  raw  fuel  is  cheap,  then  the  air- 
reduction  process  (Bost-  und  Reactionsarheit)  would  be  indicated  ;  all 
other  ores  would  be  treated  by  the  roasting  and  carbon-reduction 
process,  or  this  combined  with  the  iron-reduction  method.  The  latter 
method  would  only  be  employed  by  itself  under  exceptional  conditions; 
as,  for  instance,  if  a  lead  ore  were  available  containing  silver  together 
with  a  small  amount  of  copper,  enough,  nevertheless,  to  make  its 
recovery  worth  while,  and  if  labour  could  be  procured  cheaply. 


THE  AIR  REDUCTION  PROCESS  {Rbst-  und  Beactionsavbeif) 

The  essential  feature  of  this  process  consists  in  roasting  the  galena 
in  air  to  between  500°  and  600°  C.  for  such  a  time  that  the  amount 
of  lead  oxide  and  sulphate  formed  bears  the  requisite  ratio  to  the 
amount  of  sulphide  remaining  undecomposed,  the  reduction  being 
then  brought  about  by  heating  the  mass  to  a  higher  temperature. 
The  interaction  of  the  sulphate  and  oxide  is  only  satisfactorily 
effected  when  they  are  in  the  pasty  state ;  if  they  are  rendered 
entirely  fluid  the  reaction  is  incomplete.  It  is  not,  however,  possible 
to  carry  the  roasting  of  the  sulphide  to  the  point  at  which  the  exact 
quantity  of  oxide  and  sulphate  requisite  for  the  reduction  of  the 
whole  of  the  lead  is  produced,  and,  as  during  the  period  of  the 
reaction  more  oxide  and  sulphate  are  produced,  these  are  usually 
present  in  excess.  This  excess,  together  with  some  sulphide  which 
escapes  decomposition,  becomes  mixed  with  the  gangue,  and  together 
constitute  a  residue  rich  in  lead  needing  special  treatment  for  its 
recovery.  In  the  case,  of  pure  lead  ores  which  only  leave  a  small 
residue,  consisting  essentially  of  sulphate  and  oxide,  this  residue, 
when  small  charges  are  worked,  can  be  treated  direct  by  heating 
with  coal  and  much  of  its  lead  reduced.  By  crushing  and  washing, 
the  lead  can  be  separated  from  what  residue  remains,  and  the 
residue  can  be  worked  over  again  with  a  fresh  charge  of  ore.  As, 
however,  the  liberation  of  the  lead  from  the  residue  in  this  way 
requires  a  high  temperature  accompanied  by  a  considerable  loss  of 
lead  by  volatilisation,  it  is  preferable  to  leave  a  proportionately  large 
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quantity  of  the  metal  in  it,  and  to  afterwards  treat  it  in  the  blast 
furnace  or  slag-hearth. 

The  air-reduction  process  is,  therefore,  always  combined  with 
other  methods  for  recovering  lead  from  the  residues  produced 
by  it. 

The  air-reduction  process  can  only  be  profitably  employed  in  the 
case  of  ores  consisting  of  tolerably  pure  galena.  Ores  containing  less 
than  60  per  cent,  of  lead,  even  if  the  associated  gangue  is  such  as 
not  to  exert  any  injurious  influence  on  the  process,  cannot  be 
employed.  The  ores  in  general  use  contain  not  less  than  70  percent, 
of  metallic  lead. 

An  admixture  of  4  to  5  per  cent,  of  quartz,  or  a  coiresponding 
amount  of  an  acid  silicate  with  the  ore,  renders  the  process  unprofit- 
able owing  to  the  formation  of  lead  silicate.  This  body  not  only  will 
not  react  with  lead  sulphide,  oxide  or  sulphate,  but  in  consequence 
of  its  low  melting  point  it  fuses  and  coats  these  substances  so  as  to 
prevent  their  interaction.  The  presence  of  the  alkaline  earths  (lime 
magnesia,  baryta),  in  not  too  large  amounts,  is  advantageous,  as  they 
assist  in  keeping  the  mass  in  the  requisite  pasty  state  during  the  last 
or  reaction  stage  of  the  process,  and  in  many  cases  lime  is  added  to 
the  ore  for  this  purpose.  If  present  in  large  proportion  (12  per 
cent,  and  over),  it  prevents  the  various  lead  compounds  from  coming 
into  contact,  and  consequently  decreases  the  yield  of  lead. 

Spathic  iron  ores  in  the  presence  of  silica  give  rise  to  verj'  fluid 
slags,  and  are,  therefore,  to  be  avoided. 

Sulphides  of  other  metals,  which  during  the  period  of  roasting 
are  converted  into  oxides,  are  advantageous,  as  they  not  only  stiffen 
the  mass  but  promote  the  formation  of  lead  sulphate  by  the  action 
of  the  oxides  -of  sulphur  given  off  during  their  decomposition.  In 
large  amounts  (over  10  or  12  per  cent.)  they  act  injuriously,  the 
oxides  produced  unduly  thickening  the  mass  and  causing  a  loss  of 
the  entangled  lead.  A  portion  of  the  metallic  sulphide  would  also 
combine  with  a  part  of  the  galena,  giving  rise  to  a  matte  from 
which  the  lead  yrould  have  to  be  recovered.  Pyrites,  zinc  blende, 
and  copper  pyrites  act  in  this  way.  Copper  pyrites  also  yield  some 
copper  to  the  lead,  as  the  sulphide  and  the  oxide  formed  in  roasting 
undergo  double  decomposition  during  the  period  of  the  reaction, 
forming  metallic  copper  and  sulphur  dioxide. 

Antimony  sulphide,  on  account  of  its  easy  fusibility,  causes  an 
undesirable  sintering  together  of  the  mass,  and  also  produces  anti- 
monial  lead.  Owing,  also,  to  the  volatility  of  the  antimony  com- 
pounds, a  portion  of  lead  is  lost  through  this  cause.     On  heatingj  the 
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mass  with  coal  in  the  extraction  of  lead  from  the  residue,  antimony 
becomes  alloyed  with  the  lead,  and  the  same  thing  occurs  when  the 
residue  is  worked  up  in  blast  furnaces. 

Arsenic  compounds  (mispickel,  arsenical  pyrites)  lose  a  part  of 
their  arsenic  by  volatilisation,  whilst  the  remainder  gives  rise  to  the 
formation  of  a  speiss.  During  the  operations  just  mentioned,  arsenic 
is  carried  into  the  lead  similarly  to  antimony. 

Any  silver  present  in  the  ores  will  be  found  in  the  lead  produced, 
and  nearly  the  whole  of  it  will  be  contained  in  the  first  portions  of 
the  lead.     Gold  behaves  similarly  to  silver. 

The  presence  of  carbonate  or  sulphate  of  lead  in  the  ore,  in 
addition  to  the  galena,  is  very  advantageous,  as  they  shorten  the 
roasting  period. 

In  general  the  air-reduction  process  is  carried  out  in  reverberatory 
furnaces  or  hearths,  and  the  working  up  of  the  residues  in  blast 
furnaces. 

When  the  process  is  conducted  in  reverberatory  furnaces,  the 
reduction  period  follows  immediately  after  the  process  of  roasting, 
whilst  in  hearths  the  two  reactions  are  taking  place  simultaneously, 
and  some  lead  oxide  is  reduced  by  the  coal  on  the  hearth.  *  The 
employment  of  reverberatory  furnaces  is  more  conducive  to  the  health 
of  the  workmen,  as  they  are  less  exposed  to  the  lead  fume  than  in 
the  working  of  the  hearths.  The  latter  are  consequently  only  rarely 
employed,  and  under  special  local  conditions.  As  volatilisation  of 
the  lead  and  the  carrying  over  of  part  of  the  ore  into  the  flue  during 
the  air-reduction  process  cannot  be  avoided,  some  arrangement  must 
be  provided  for  collecting  the  fume  and  dust  containing  lead.^ 

THE   AIR-REDUCTION   PROCESS   IN   REVERBERATORY*  FURNACES 

This  process  is  in  practice  carried  out  in  different  ways  and  in 
furnaces  of  varying  construction,  according  to  whether  the  object 
in  view  is  a  rapid  output  of  lead  without  regard  to  loss,  or  a  slower 
production,  accompanied  by  the  smallest  possible  loss,  producing  in 
the  one  case  residues  rich  in  lead,  and  in  the  other  residues  contain- 
ing a  small  percentage  of  metal.  These  processes  may  be  divided  into 
three  classes,  known  as  the  Carinthian,  the  English,  and  the  Tarnowitz 
or  Silesian  processes.  Formerly  a  fourth,  or  French,  process  was  in 
use  for  the  working  of  ores,  containing  as  much  as  6  per  cent,  of  silica, 
but  this  has  now  been  abandoned. 

The  Carinthian  process  proper  (the  process  as  worked  elsewhere 

^  Schnabel,  Allgemeine  HiUtenhmde,  p.  499. 
VOL.    I  C   C 


386  METALLURGY 

has  undergone  modification)  has  for  its  object  the  production  from 
pure  ores  of  a  very  high  percentage  of  the  lead  contained  in  them  in 
a  pure  state.  It  is  carried  out  with  small  charges  in  small  furnaces, 
the  process  being  conducted  slowly  and  so  arranged  that,  for  every 
molecule  of  lead  sulphide  present,  as  nearly  as  possible  one  molecule 
of  sulphate  and  two  molecules  of  oxide  shall  be  formed,  the  reaction 
proceeding  according  to  the  equations : — 

PbS  +  PbSO,  =  2Pb  +  2SO2 
PbS+2PbO  =3Pb+S02. 

The  recovery  of  lead  from  the  residue  is  effected  by  the  addition 
of  coal  in  the  same  furnace  at  the  end  of  the  period  of  reduction. 

The  process  involves  a  large  expenditure  for  both  ftiel  and  labour. 

The  English  process  aims  at  producing  a  large  amount  of  lead  in 
a  short  time  with  a  small  outlay  for  fuel.  It  is  accordingly  conducted 
in  large  furnaces,  working  quickly  at  a  high  temperature,  and  in  such 
a  way  that  the  period  of  reduction  begins  when  only  one  molecule  of 
lead  sulphate  is  present  for  every  two  molecules  of  lead  sulphide  in 
the  charge.  According  to  some  metallurgists  a  subsulphide  is  formed 
during  the  reaction  in  addition  to  the  lead,  and  this  decomposes  into 
lead  and  monosulphide  when  the  temperature  is  lowered.  The 
reaction  would  consequently  be  represented  by  these  equations : — 

2PbS  +  PbSO,  =  Pb  +  PbjS  +  280^ 
Pb2S  =  Pb+PbS. 

As  the  existence  of  a  subsulphide  has  not  been  firmly  established, 
the  reaction  may  also  be  represented  as  follows : — 

2PbS  +  PbSO,  =F  2Pb  +  PbS  +  2SO2. 

When  the  reaction  resembles  the  Carinthian  one,  the  recovery 
of  lead  from  the  residues  is  conducted  in  small  blast  furnaces  (slag- 
hearths).  Considerable  loss  of  lead  by  volatilisation  takes  place  in 
the  English  process  owing  to  the  high  temperature  employed. 

The  Tamowitz  process  has  for  its  object  a  large  output  of  metal, 
as  in  the  English  process,  with  the  employment  of  a  small  proportion 
of  fuel  and  a  reduction  of  the  losses  of  metal  to  a  minimum.  It  is 
accordingly  carried  out  in  large  furnaces  at  the  lowest  possible  tem- 
perature. As  a  consequence  of  this  latter  condition  the  amount  of 
lead  remaining  behind  in  the  residues  is  relatively  considerable. 

The  chemical  reactions,  with  the  exception  of  those  attendant  on 
the  working  up  of  the  residues  which  is  done  in  blast  furnaces,  are 
the  same  as  in  the  Carinthian  process. 
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This  process  is  preferable  to  the  others  on  account  of  the  smaller 
loss  of  lead  as  compared  with  the  English  process,  and  the  larger 
charges  uised  and  consequent  smaller  expenditure  for  labour  as 
compared  with  the  Carinthian  process. 

The  French  process  formerly  employed  aimed  at  obtaining  most 
of  the  lead  from  ores  containing  up  to  6  per  ceqt.  of  silica  in  rever- 
beratory  furnaces.  The  ores  were  heated  at  a  very  low  temperature 
for  a  long  period,  so  that  a  large  excess  of  sulphate  of  lead  was 
obtained  in  proportion  to  the  undecomposed  sulphide.  In  addition 
to  the  production  of  lead  according  to  the  reactions  given  under  the 
Carinthian  process,  lead  oxide  was  also  formed,  thus : — 

PbS + 3PbS0,  =  4PbO  +  4SO2. 

By  mixing  the  residue  with  coal  and  reheating  after  the  reaction, 
the  lead  oxide  was  reduced  to  metal,  and  a  part  of  the  remaining 
sulphate  to  sulphide. 

On  account  of  the  attendant  losses  of  lead  and  the  length  of  time 
necessary  for  the  process,  it  has  been  entirely  superseded  by  the  other 
air-reduction  processes. 

THE  CARINTHIAN   PROCESS 

In  its  simple  form  it  is  carried  out  at  Bleiberg  and  Raibl  in 
Carinthia,  and  with  some  alterations  it  has  been  employed  in  Belgium, 
France,  Switzerland,  and  the  United  States  of  North  America,  but  is 
now  no  longer  used,  partly  in  consequence  of  the  exhaustion  of  the 
ore  deposits  (as  at  Engis  in  Belgium  and  Davos  in  the  Engadine), 
and  partly  in  consequence  of  the  introduction  of  other  processes, 
as  in  Missouri. 

THE  CARINTHIAN  PROCESS  AS  CONDUCTED. AT  BLEIBERG 

At  Bleiberg  the  raw  material  is  a  calcareous  galena  poor  in  silver, 
in  the  form  of  concentrates,  and  containing  from  60  to  75  per  cent. 
of  lead. 

The  arrangement  of  the  furnace  in  which  the  process  is  conducted 
is  shown  in  Figs.  277 — 280;  a  is  the  sloping  heating  chamber, 
narrowed  at  the  front  end.  The  hearth  has  the  form  of  a  shallow 
inclined  basin  narrowing  at  the  lower  end,  and  is  composed  of  a 
mixture  of  clay,  poor  slag,  and  similar  waste,  or  of  old  hearths  broken 
into  small  pieces,  and  the  whole  fritted  together.  It  is  6  inches 
thick,  11  feet  6  inches  long,  5  feet  broad  at  the  upper  and  1  foot 
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broad  at  the  lower  end.  The  hearth  is  inclined  at  an  angle  of  9^' 
in  order  that  the  lead  may  flow  down,  whilst  the  solid  or  pasty 
residues  remain  behind.  At  the  lower  end  of  the  hearth  is  the  one 
working  door/.  Below  this  is  a,  spout  through  which  the  separated 
lead  flows  from   the  furnace   into  a  heated  cast-iron  pan  g;  it  is 


through  this  working  door  that  the  charge  is  introduced,  the  residues 
withdrawn,  and  the  charge  stirred  during  the  process. 

The  fireplace  is  placed  parallel  to  the  longer  axis  of  the  fumiice. 
The  grate  b,  if  wood  is  used  as  fuel  as  in  the  present  instance,  is 
constructed  of  stonework,  the  so-called  girdle  grate  (Ourtcnrost), 
whilst  if  lignite  is  burnt,  as  is  also  done  in  Carinthia,  iron  bars  are 
used.  The  firebridge  and  the  space  for  the  passage  of  the  flame  c 
are  at  the  further  end  of  the  fireplace  and  are  only  3  feet  6  inches 
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in  length.  The  air  necessary  for  combustion  as  well  as  that  required 
for  the  oxidation  of  the  charge  enters  through  the  spaces  in  the  grate. 
As  a  consequence  of  this  the  air  passing  over  the  hearth  is  rarefied 
and  diluted  with  combustion  products,  and  the  roasting  proceeds 
but  slowly.  The  flue  d  is  at  the  front  part  of  the  working  chamber 
and  communicates  by  means  of  the  inclined  channel  e  with  the  stack 
z ;  the  flames  thus  pass  over  the  hearth  from  back  to  front.  The 
lead  fume  escaping  from  the  furnace  is  led  back  through  the  opening 
V  into  the  flue  e,  and  so  into  the  stack. 

The  process  is  divided  into  three  stages,  (1)  roasting,  (2)  rabbling 
{Iiiihrperiode)y  and  (3),  slag-reduction  (Pressperiode),  In  the  first 
stage  the  partial  oxidation  of  the  galena  is  brought  about,  in  the 
second  the  reaction  between  oxide,  sulphate,  and  sulphide  occurs, 
and  in  the  last  stage  lead  is  reduced  frojn  the  residues  by  means  of 
carbon. 

The  actual  working  is  conducted  as  follows : — The  charge,  which 
usually  weighs  from  3^  to  4  cwt.,  is  introduced  through  the  working 
door  into  the  furnace,  previously  heated  to  dull  redness,  and  is  spread 
on  the  hearth  so  as  to  form  a  layer  one  to  one  and  a  half  inches  in 
thickness. 

During  the  first  or  roasting  stage,  firing  is  conducted  very  gently 
so  as  not  to  fuse  the  ore.  As  soon  as  the  mass  becomes  hot  (after 
about  one  hour)  it  is  raked  and  stirred  about  from  time  to  time. 
After  the  roasting  has  gone  on  for  about  three  hours,  reckoning  fix)m 
the  beginning  of  the  whole  operation,  it  is  usually  far  enough 
advanced  to  have  formed  the  requisite  amount  of  oxide  and  sulphate 
in  proportion  to  the  unaltered  sulphide  (one  molecule  of  sulphate 
and  two  of  oxide  to  every  molecule  of  lead  sulphide).  The  exact 
point  is  ascertained  by  the  disappearance  of  the  sulphur  flame,  by 
the  trickling  away  of  some  lead  from  the  mass,  as  well  as  by  the 
gritty  feel  which  the  roasted  mass  has  under  the  tool. 

The  second  stage,  in  which  the  reaction  between  oxide,  sulphate, 
and  unaltered  sulphide  occurs,  now  begins.  The  temperature  is 
increased  so  that  the  charge  becomes  pasty  and  it  is  well  stirred  so 
as  to  effect  a  thorough  intermingling  of  the  whole  mass.  The 
following  reactions  take  place : — 

PbS  +  PbSO^  =  2Pb + 2SO2 
PbS  +  2PbO  =3Pb+S02 

and  the  lead  set  free  flows  out  of  the  furnace  into  the  iron  pan 
placed  at  the  front  to  receive  it.  The  separation  of  the  lead  ceases 
after  from  3J  to  6  hours*  rabbling,  generally  after  4  hours,  and  this 
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ends  the  second  stage.  At  this  period  about  half  the  total  lead  in 
the  charge  will  have  been  obtained  as  metal,  the  remainder  being 
contained  as  oxide  and  sulphate  in  the  residue  left  in  the  furnace. 

This  residue  is  worked  up  at  once  in  order  to  obtain  as  much  as 
possible  of  the  lead  contained  in  it.  This  constitutes  the  last  or  slag- 
reduction  (Bleipressen)  stage,  and  is  effected  by  taking  coals  from 
the  grate,  or  lumps  of  wood,  and  mixing  them  with  the  mass  in 
the  furnace,  at  the  same  time  raising  the  temperature.  The  lead 
oxide  is  reduced  to  metal,  and  a  portion  of  the  sulphate  is  also 
reduced  to  sulphide,  thus : — 

PbSO,+2C  =  PbS  +  2C02 

The  sulphide  thus  formed  reacts  with  the  remaining  sulphate, 
forming  lead  and  sulphur  dipxide. 

This  slag-reduction  stage  lasts  4  hours  (6  hours  for  a  large 
charge)  and  is  finished  when  no  more  lead  runs  out  from  the  furnace. 
In  order  to  save  fuel  it  is  usual  to  work  up  the  residues  from  two 
charges  together.  In  this  case,  as  soon  as  the  rabbling  of  the  first 
charge  is  finished,  the  residue  is  raked  out  of  the  furnace  and  the 
next  charge  inserted;  when  the  rabbling  of  this  is  finished,  the 
residue  from  the  first  operation  is  put  back  and  the  two  residues 
worked  together,  the  operation  now  taking  7  to  8  hours. 

The  lead  obtained  during  the  slag-reduction  stage  ("  Pressblei ") 
is  less  pure  than  the  lead  formed  in  the  rabbling  period,  because  the 
oxides  of  other  metals  such  as  antimony  and  copper  are  reduced  at 
the  higher  temperature  prevailing,  and  the  reduced  metals  con- 
taminate the  lead.  This  impure  lead  is  submitted  to  a  process  of 
liquation  at  the  lower  end  of  the  furnace. 

The  residue  left  in  the  furnace  after  the  slag-reduction  period 
still  contains,  according  to  the  nature  of  the  ore,  from  3  to  9  per  cent, 
of  lead.  This  is  concentrated  by  crushing,  sieving,  and  washing,  until 
it  contains  from  50  to  60  per  cent,  of  lead,  and  it  is  then  either  added 
in  small  quantities  to  the  ordinary  ore  charges,  or  is  treated  by  itself, 
omitting  the  first  and  second  stages. 

In  the  slag-reduction  period  considerable  amounts  of  lead  are  lost 
by  volatilisation,  and  the  consumption  of  fuel  is  twice  as  great  as  in 
the  rabbling  stage.  It  is  consequently  preferable  not  to  attempt  to 
extract  the  lead  completely  from  the  residues,  but  to  submit  them 
to  an  after-treatment  in  the  blast  furnace.  The  loss  of  lead  in  the 
process  is  variously  stated  as  being  between  5  and  14  per  cent. ;  in- 
cluding the  lead  recovered  fi-om  the  residues,  the  loss  may  be  taken 
as  between  6  and  9  per  cent. 
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The  amount  of  fuel  necessary  in  the  case  of  ore  containing  from 
64  to  70  per  cent,  of  lead  is  said  to  be  from  11  to  12  cubic  feet  of 
wood  for  every  cwt.  of  ore.  One  smelter  and  one  assistant  are 
required  for  each  furnace. 

At  Miess,  in  Carinthia,  the  hearth  is  11|  feet  long  and  5  feet 
broad.  The  ore  contains  about  73  per  cent,  of  lead ;  the  charge  is 
7  cwts.  for  ordinary  ore  and  up  to  ^  ton  for  very  rich  ores.  The 
roasting  lasts  2  hours,  the  rabbling  6  hours,  and  the  slag  recovery 
process  3  hours.  In  the  last-mentioned  process  several  charges  are 
worked  oflf  together.  Of  the  original  73  per  cent,  of  lead,  63  per 
cent,  is  obtained,  50  per  cent,  in  the  second  operation,  and  13  per 
cent,  in  the  last.  The  fuel  consumption  is  35*3  cubic  feet  of  wood  in 
12  hours. 

At  Kaltwasser,  neaic  Raibl,  the  heating  chamber  is  92  feet  long 
and  1*64  feet  high.  The  upper  end  of  the  hearth  is  5  feet  broad,  the 
lower  0*98  foot.  The  charge  is  9  cwts.  The  three  stages  last  3,  6  to 
7,  and  4  to  6  hours  respectively,  and  the  residue  after  the  slag 
recovery  weighs  from  132  to  154  lbs.  This  is  crushed  in  rolls  and 
jigged,  and  the  grains  of  lead  and  rich  slag  are  added  to  the  charges 
in  the  slag  reduction  process,  whilst  the  jig  tailings,  amounting  to 
about  15  per  cent.,  are  thrown  on  the  waste  heaps.  One  smelter  and 
assistant  are  needed  for  one  furnace  in  a  12  hours'  shift.  The  yield 
of  lead  is  90  per  cent.,  of  which  J  is  obtained  by  treatment  of  the 
slags.  The  life  of  a  hearth  is  one  month.  Attempts  to  smelt  the 
ores  by  the  roasting  and  carbon  reduction  process  met  with  so  little 
success  that  the  older  methods  have  been  retained. 

The  Carinthian  process  is  one  which  is  but  rarely  used.  The 
charges  worked  are  small  (4  cwts.  in  12  hours),  and  the  expenditure 
in  wages  is  high ;  during  the  slag-reduction  period  the  consumption 
of  fuel  is  great,  and  there  is  a  heavy  loss  of  lead  during  that  stage. 
It  seems  likely  that  its  employment  even  in  Carinthia  will  in  time 
be  discontinued.  In  most  other  places  where  it  is  carried  on  much 
larger  charges  are  used  and  the  extraction  of  lead  from  the  residues 
is  much  less  thorough. 

At  Engis  in  Belgium  the  Carinthian  process  was  formerly  worked,^ 
but  with  some  modifications,  much  larger  charges  being  used,  and  a 
larger  quantity  of  lead  allowed  to  remain  in  the  residue,  which  was 
afterwards  smelted  in  blast  furnaces.  The  furnace  also  differed  from 
the  ordinary  Carinthian  furnace  as  regards  the  position  of  the  grate, 
the  number  of  working  doors,  and  the  method  of  admitting  the  air 
required  during  the  roasting.     The  grate  was  placed  at  the  shorter 

*  Bouhy,  Annates  des  Mines^  1870,  xvii.  p.  159. 
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side  of  the  furnace,  and  not  la  the  direction  of  its  luiif^lh.  In 
addition  to  the  working  door  at  the  narrow  end  of  the  liearth,  as  in 
the  ordinary  Carinthian  furnace,  there  was  another  opening  in  one 
of  the  longer  sides  of  the  furnace,  and  the  air  necesairy  for  oxidation 
was  admitted  through  this  opening  instead  of  through  the  spaces 
between  the  grate  bars.  The  inclined  hearth  was  6  feet  6  inches 
long,  4  feet  broad  at  the  firebridge,  narrowing  down  to  2  feet 
3  inches  at  the  other  end.  The  hearth  was  composed  of  a  mixture 
of  two  parts  of  clay  and  one  part  of  coke-breeze  fritted  together  with 
a  certain  amount  of  ore.     Ordinary  coal  was  used  as  fuel. 

The  ore  smelted  was  a  mixture  of  9356  per  cent,  of  galena,  374 
per  cent,  of  zinc  blende,  231  per  cent,  of  pjTites,  and  035  per  cent, 
of  calcite.     Each  charge  weighed   12j   cwts.     The  process  differed 


from  the  Carinthian  in  that  the  extraction  of  the  lead  in  the  slag- 
reduction  stage  was  not  carried  out  as  completely,  from  17  to  20 
per  cent,  of  lead  having  been  left  in  the  residue,  which  was  after- 
wards smelted  in  blast  furnaces  with  tap  cinder.  The  residue  thus 
worked  up  formed  about  12  per  cent,  of  the  weight  of  the  initial  charge. 

Each  charge  required  12  hours  to  work  off  with  one  fumaoeman 
and  one  assistant.  For  the  charge  of  12^  cwts.  11  tons  of  coal  were 
used.  The  loss'  of  lead  after  working  up  the  residues  amounted  to 
3-93  per  cent. 

In  America  (Missouri)  the  galena  from  the  Mississippi  valley, 
containing  from  70  to  84  per  cent,  of  lead,  was  formerly  smelted  by 
the  Cadnthian  process,  using,  however,  larger  charges  and  omitting 
the  slag- reduction  stage.' 

'  Williama,  Oeol.  Sarivy  of  Mlimoiiri,  Inaustrial  Report,  1877,  pp.  8-101. 
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The  furnace  employed  is  shown  in  the  Figures  281  and  282, 
dimensions  being  given  in  feet  and  inches.  The  working  chamber 
had  two  doors — a  and  6 — the  ore  being  charged  in  through  h, 
whilst  the  lead  flowed  from  the  furnace  through  the  hole  at  the 
bottom  of  a  into  the  pot  c,  and  the  residue  was  also  removed 
through  this  door.  The  working  of  the  charge  was  effected 
through  the  opening  b.  The  grate  lay  with  its  length  at  right 
angles  to  the  longer  axis  of  the  hearth,  which  was  composed  of 
melted  up  ore  residues,  and  was  supported  on  a  cast-iron  plate.^ 

The  charge  consisted  of  14  to  16  cwts.  of  ore  in  pieces  varying  in 
size  from  that  of  peas  to  hazel  nuts.  The  roasting  stage  occupied 
only  an  hour  and  a  half,  the  reaction  period  (rabbling  stage)  extending 
over  7  hours.  The  residue  was  then  drawn  out  of  the  furnace, 
the  slag-reduction  stage  being  omitted.  From  9  to  11  hours 
were  occupied  in  working  each  charge,  which  required  the  labour  of 
a  smelter  and  one  assistant,  and  consumed  one  and  a  half  cords  of 
wood.  No  mention  is  made  of  the  extent  of  the  loss  of  lead ;  the 
process  is  now  superseded  by  the  air-reduction  process  conducted  in 
hearths. 

THE   ENGLISH   PROCESS 

The  characteristic  features  of  this  process  are  as  follows :  Large 
charges  of  galena  are  subjected  to  comparatively  rapid  roasting  at  a 
high  temperature,  not,  however,  sufficient  to  render  the  mass  pasty, 
and  then  the  reaction  between  sulphate  and  sulphide  is  allowed  to 
begin,  when  the  former  is  pi-esent  in  the  proportion  of  only  one  mole- 
cule to  two  molecules  of  unaltered  sulphide,  thus : — 

2PbS-|-PbSO,  =  2Pb-hPbS+S02. 

After  thi?  reaction  is  complete,  the  cycle  of  operations  is 
repeated  with  the  residue  in  the  furnace.  It  is  cooled  and  air 
freely  admitted,  so  as  to  produce  a  further  quantity  of  sulphate,  and 
then  on  shutting  off  the  air  supply  and  raising  the  temperature  the 
reduction  again  takes  place.  If  necessary  the  operation  is  repeated 
as  long  as  any  lead  is  obtained  from  the  residue.  The  temperature 
in  the  reaction  period  is,  as  a  rule,  so  regulated  that  the  mass  only 
becomes  pasty;  if  it  becomes  unduly  fluid,  it  is  stiffened  and 
cooled  by  mixing  slaked  lime  with  it.  In  the  case  of  ores  which 
contain  large  percentages  of  heavy  spar,  an  addition  of  fluor  spar  is 
made  with  the  object  of  producing  a  readily-fusible  slag,  poor  in  lead, 
which  can  easily  be  separated  from  the  residue.     Ores  which  contain 

*  Broadhead,  Oeol,  Survey  of  Missottri,  1874,  p.  492. 
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fliior  spar  yield  a  fluid  slag,  without  other  addition.  A  considerable 
quantity  of  residue  is  left  in  this  process,  consisting  chiefly  of  lead  sul- 
phate and  oxide,  together  with  the  gangue  of  the  ore.  With  the  view 
of  avoiding  excessive  losses  of  lead  a  large  amount  (up  to  50  per  cent.) 
is  allowed  to  remain  in  the  residue,  which  is  worked  up  in  small  blast 
furnaces. 

The  Cornish  process  (no  longer  in  use)  of  smelting  cupri- 
ferous lead  ■  ores  is  a  modification  of  the  English  one,  being  a 
combination  of  the  air-reduction  and  the  iron-reduction  processes. 
The  ores  are  first  roasted  in  a  special  reverberatory  furnace,  and 
the  roasted  material  is  subsequently  treated  in  a  reverberatory 
melting  furnace  {flowing  furnace).  Li  the  latter  the  reaction 
between  oxide,  sulphate  and  sulphide  is  eflfected,  and  the  lead  still 
remaining  in  the  residue  is  obtained  partly  by  the  reducing  action 
of  coal  which  is  added  to  it,  and  eventually  by  the  action  of 
metallic  iron  on  the  remaining  lead  sulphide.  Most  of  the  lead  in 
the  ore  is  obtained  in  the  metallic  state,  but  a  part  of  it,  together 
with  most  of  the  copper,  goes  to  form  a  regulus  or  matte,  from  which 
the  lead  is  recovered  by  the  roasting-  and  carbon-reduction  process. 
The  furnace  in  which  the  English  process  is  conducted  has  in  its 
interior  a  sump  or  well  for  the  purpose  of  collecting  the  lead  pro- 
duced. This  is  situated  at  the  front  of  the  furnace,  usually  near  the 
flue  or  occasionally  nearer  to  the  centre,  and  is  connected  by  a  tap- 
hole  with  a  vessel  placed  in  front  outside  the  furnace. 

The  hearth  is  rectangular  or  trapezoidal,  sloping  in  all  directions 
towards  the  sump,  the  slope  in  the  Flintshire  furnace  being  a  steep 
one.  In  England  the  bed  is  usually  composed  of  residues  or  gray 
slagSy  or  of  a  mixture  of  clay  and  slag.  At  the  bsujk  and  front  of 
the  furnace  are  working  doors,  up  to  the  number  of  three  on  each 
side.  The  lead  which  collects  in  the  well  is  allowed  to  flow  from 
time  to  time  into  the  vessel  placed  in  front  of  the  furnace  to  receive 
it,  whilst  the  residues  are  drawn  out  through  the  working  doors. 
The  ore  is  usually  introduced  into  the  furnace  through  the  arch  at  the 
top  by  means  of  a  hopper. 

The  construction  of  an  English  furnace,  as  employed  at  Stiper- 
stones  in  Shropshire,  is  shown  in  the  accompanying  figures  (Figs. 
283  to  286).  It  is  trapezoidal  in  shape,  having  three  working  doors 
i,  iy  i  along  each  of  the  longer  sides.  The  hearth  fi"  is  11  feet 
long  and  9  feet  broad  in  the  middle,  and  is  composed  of  residual 
gray  slags.  It  has  a  thickness  of  4  inches  at  the  back,  12  inches 
at  the  firebridge,  1-1  inches  at  the  flue,  2  feet  6  inches  at  the 
front  of  the  sump,  and  8  inches  at  the  back  of  the  same.     An  arched 


roof  provided  with  an  opening  and  with  a  hopper  I  for  introducing 
the  charge,  covers  the  fireplace  and  hearth.  The  fireplace  is 
on   the  longer  of  the  two  short  sides  of  the  furnace,  the  grate  2 


lying  nearer  to  the  back  than  the  front  of  the  furnace,  so  that  the 
flames  do  not  pass  across  the  well.  The  stoke-hole  g  is  at  the 
back  of  the  furnace,  and  a  smalt  chimney  d  is  placed  here  to  convey 
away  the  steam  from  the  ashpit,  the  bottom  of  which  is  covered  with 
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water.  The  gr.ite  is  2  feet  6  inches  broad  and  4  feet  6  inches  long. 
The  firebridge  p  is  air-cooled,  and  is  4  feet  long  and  2  feet  broad. 
Opposite  the  fireplace  are  two  fiues,  c,  c,  which  communicate  with 


the  chimney  by  means  of  the  passage  e.  The  flue  at  the  back  is 
slightly  larger  than  the  front  one,  so  that  the  flame  passes  chiefly 
over  the  upper  part  of  the  hearth,  avoiding  the  well;  both  flues 
are  provided  with  dampers  for  regulating  the  draught.     The  tap- 
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hole /is  situated  8  inches  above  the  bottom  of  the  hearth;  over  it 
is  an  opening,  which  can  be  closed  by  a  door,  for  the  purpose  of 
admitting  air  into  the  furnace. 

The  charge  for  such  a  furnace  weighs  about  1  ton,  the  smallest 
charge  worked  in  an  English  furnace  being  one  of  16  cwts.  The  ore 
is  spread  in  a  layer  of  from  4  to  6  inches  in  thickness  on  the 
hearth. 

The  actual  conduct  of  the  process  varies  in  different  works  and 
depends  chiefly  upon  the  foreign  substances  present  in  the  ores,  the 
weight  of  the  charge,  and  the  amount  of  lead  which  it  is  considered 
desirable  to  allow  to  remain  in  the  residue.  In  many  works  a  single  re- 
action stage  follows  a  shorter  roasting  period,  whilst  at  other  places  the 
residue  is  submitted  to  a  series  of  roastings  followed  by  periods  of 
reaction  at  short  intervals.  The  roasting  is  conducted  with  the 
working  doors  open  or  only  partly  closed,  the  reaction  stage  with  the 
doors  shut  and  the  temperature  raised.  The  cooling  and  stiffening 
of  the  mass  rendered  fluid  during  the  reduction  period  is  effected  by 
mixing  slaked  lime  with  it.  The  more  carefully  the  initial  roasting 
is  conducted,  the  greater  is  the  direct  yield  of  lead. 

The  duration  of  the  process  is  from  5  to  9  hours,  depending  upon 
the  nature  of  the  ore,  the  weight  of  the  charge,  and  the  degree  of 
removal  of  the  lead  from  the  residue.  The  time  occupied  in  the 
roasting  or  in  the  reaction  period  is  very  variable,  and  only  in  few 
instances  is  the  working  of  the  charge  effected  by  a  single  roasting 
and  reaction.  Usually  the  charge  is  roasted  for  from  2  to  3  hours, 
then  the  reaction  period  follows  at  a  higher  temperature.  Then  the 
mass  is  stiffened  or  set  up  by  the  addition  of  lime,  again  roasted  at  a 
lower  temperature  for  a  short  time,  the  roasting  being  followed  by 
another  reaction  period,  and  the  operations  are  repeated  in  this 
order  until  no  more  lead  can  be  obtained  from  the  residue.  The 
fuel  used  varies  from  50  to  80  per  cent,  of  the  weight  of  the 
charge. 

The  English  process  is  in  use  in  Flintshire,  Shropshire,  Derbyshire, 
Cornwall,  and  at  Linares  and  Cordova  in  Spain. 

At  Stiperstones  the  process  is  conducted  as  follows.^  The  ore 
in  charges  of  little  over  a  ton  is  charged  into  the  furnace,  still 
red-hot  from  the  preceding  operations.  This  is  roasted  at  an 
increasing  temperature  with  constant  and  thorough  stirring  for  about 
2  hours,  only  the  two  doors  nearest  to  the  flue  being  kept  open 
during  this  period  The  other  two  doors  are  now  opened,  as  well  as 
the  ashpit  and  fireplace  doors,  the  damper  is  raised,  and  the  highly 

1  Berg-  und  Huitenm,'Ztg,  1863,  pp.  243,  261,  261,  265. 
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heated  charjire  is  allowed  to  cool  for  half  an  hour.  The  sintered  mass 
lying  close  to  the  firebridge  is  broken  up  and  well  mixed,  the 
working  doors  are  closed,  the  damper  partially  lowered  and  the  first 
reaction  stage  is  brought  about  by  urging  the  fire.  This  lasts  from 
55  to  60  minutes.  Then  the  mass  is  again  cooled,  and  undergoes 
a  fresh  roasting  with  the  working  doors  open,  and  the  firing 
slackened  ;  the  cooled  mass  is  stirred  up,  the  cooling  and  stirring 
taking  about  half  an  hour.  During  this  time  the  lead  collected  in 
the  well-  is  tapped  off  into  the  cast-iron  pot  in  front  of  the  furnace, 
the  tap-hole  being  then  stopped  from  the  inside  by  a  clay  plug.  After 
2  hours'  heavy  firing  with  closed  doors  the  second  reaction  stage  is 
ended.  Then  follows  a  cooling  period  of  20  minutes.  The  portions  of 
the  mass,  which  in  spite  of  all  care  have  been  liquefied  and  have 
fiowed  into  the  well,  are  set  up  with  lime  and  pushed  back  on  to 
the  hearth.  The  residue  is  collected  together  as  near  as  possible  to 
the  firebridge,  and  some  small  coal  is  mixed  with  it.  It  is  now 
strongly  heated  with  closed  doors  for  about  a  quarter  of  an  hour  in 
oixier  to  extract  the  remaining  lead,  and  it  is  then  drawn  out  of  the 
furnace.  The  duration  of  the  entire  process  is  7  hours,  the  coal  used 
being  11  cwts.  to  1  ton  of  ore.  Two  workmen  are  required,  and  the 
loss  of  lead  is  stated  to  be  12  per  cent. 

At  Holywell,  in  Flintshire,  a  similarly  arranged  furnace  is  used, 
and  the  charge  is  the  same.  According  to  Percy  ^  the  charge  is  first 
roasted  for  an  hour  and  a  half,  all  doors  being  open.  Then  the  fire 
is  urged  with  two  only  of  the  doors  open  for  2  hours,  the  mass  being 
occasionally  stirred,  when  the  reaction  between  the  oxide,  sulphate 
and  sulphide  takes  place.  At  the  end  of  this  time  firing  is  carried 
on  vigorously  for  40.  minutes,  so  as  to  melt  most  of  the  charge  down 
into  the  sump  or  well  of  the  furnace.  Then  the  doors  are  opened 
and  the  charge  cooled  and  raked  over,  the  molten  mass  in  the  well  is 
set  up  with  lime,  and  pushed  back  on  to  the  hearth  near  to  the 
fireplace,  together  with  the  mass  remaining  on  the  hearth.  A  further 
reaction  stage,  lasting  about  50  minutes,  now  ensues,  the  temperature 
being  raised  during  the  last  20  minutes  so  that  the  mass  fuses,  and 
after  the  expiration  of  this  period  the  fluid  residue  is  stilSened  with 
lime  and  raked  out  of  the  furnace.  The  lead  produced  is  tapped 
from  the  well  into  the  pot  as  at  Stiperstones,  and  at  both  places  it  is 
purified  by  poling.  The  coal  consumption  varies  from  057  to  0*76 
ton  per  ton  of  ore,  and  the  loss  of  lead  is  given  as  11  per  cent.  Two 
workmen  are  required  for  each  furnace.  The  working  of  a  charge 
occupies  6  hours.     According  to  Percy  ^  the  amounts  of  lead  oxide, 

1  Lead,  p.  232.  ^  Lead,  p.  235. 
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sulphate  and  sulphide  present  in  the  charge  at  different  stages  of 
the  process  as  well  as  the  quantities  present  in  the  residue  are  as 
follows : — 


state  of  comblDation  of 
the  lead. 


PbS  . 
PbO. 
PbSO^ 


Total  metallic  lead 


Percentages  of  lead  present,  counting  from  the  time  of 
the  Introduction  of  the  charge. 


After  H  ^rB. 
63-82 
27-25 
3-82 


83-16 


After  S^  hrs. 
53-32 
31-49 
4-78 


78-66 


After  4^  hra. 
24-76 
43-12 
6-94 


66-22 


After  4}  hrs. 
4-35 
47-50 
14-02 


47-86 


Percentage 

of  lead  In 

the  residue. 


0-90 

48-87 

9-86 


52-88 


At  Alport,  in  Devonshire/  the  English  process  was  carried  on  as 
at  Stiperstones  and  Holywell,  but  with  smaller  charges  (16  cwts.)  and 
in  a  smaller  furnace.  The  ores  contain  76  to  80  per  cent,  of  lead, 
partly  present  as  carbonate,  which  shortens  the  roasting  period.  The 
process  is  conducted  as  in  Flintshire,  only,  owing  to  the  ores  con- 
taining heavy  spar,  an  addition  of  fluor  spar  is  made,  whereby  a 
freely-fluid  slag  is  produced,  which  is  run  out  of  the  furnace  by  a 
special  slag  taphole  placed  over  the  one  for  the  lead.  As  in  Flint- 
shire, an  addition  of  lime  is  made  for  the  purpose  of  stiffening  the 
charge.  The  residue  is  drawn  out  of  the  furnace  by  the  working 
door,  and  the  fluid  slag  is  tapped  off.  The  process  lasts  from  4^  to  5 
hours,  and  it  is  attended  with  a  loss  of  10  per  cent,  of  lead.  Only 
the  richer  slags,  with  at  least  6  per  cent,  of  lead,  are  worked  up  in 
the  slag-hearth. 

At  Snailbeach,  near  Shrewsbury,  according  to  the  same  authority, 
the  process  was  conducted  more  slowly  in  order  to  obtain  a  higher 
yield  of  lead.  The  reverberatory  furnace  is  provided  with  5  working 
doors,  2  at  the  front,  and  3  at  the  back.  The  well  is  situated  at  the 
flue  end  of  the  front  side  of  the  furnace,  and  consequently  the  charge 
can  be  spread  and  heated  evenly,  and  the  lead  in  the  well  is  better 
protected  fix)m  the  action  of  the  hot  gases.  The  charge  amounts  to 
1  ton,  and  it  is  first  submitted  to  2  hours'  roasting  with  frequent 
stirring,  followed  by  a  period  of  reaction  lasting  15  minutes.  This  is 
then  followed  by  a  4  hours'  roasting  and  a  reaction  period  of  15  minutes. 
The  temperature  is  then  increased,  and  with  frequent  stirring  the 
mass  enters  on  a  reaction  stage  of  2  hours'  duration.  The  remainder 
is  then  stiffened  with  lime,  thrown  up  in  front  of  the  firebridge  and 
the  lead  in  it  liquated  out.     The  residue,  amounting  to  one-eighth  of 

1  Percy's  Lead,  p.  240. 
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the  charge,  and  containing  40  per  cent,  of  lead,  is  afterwards  smelted 
in  low  shaft  furnaces. 

The  working  of  a  charge  occupies  9  hours,  10  parts  of  coal  being 
used  to  16*8  parts  of  ore,  each  furnace  requiring  2  men.  The  loss  of 
lead  is  stated  to  be  about  6  per  cent. 

At  Linares,  in  Spain,  the  "  Boliche  '*  furnaces,  adapted  to  burn 
brushwood,  have  been  recently  altered  by  English  companies,  the 
charges  being  increased,  and  coal  substituted  for  brushwood.  Accord- 
ing to  Collins  ^  the  present  charge  is  3,526  lbs.  of  ore  containing  77 
per  cent,  of  lead  ;  that  is,  196  lbs.  per  square  foot  of  hearth.  The 
process  lasts  8  hours.  86  per  cent,  of  the  total  lead  in  the  charge  is 
obtained  as  metallic  lead,  5*6  per  cent,  remains  in  the  gray  slag,  and 
2*4  per  cent,  collects  in  the  flue  dust.  Volatilisation  accounts  for  a 
loss  of  6  per  cent.  The  lime  used  amounts  to  4  per  cent,  of  the  lead 
content ;  the  consumption  of  coal  is  not  given,  but  it  will  doubtless 
amount  to  about  40  per  cent,  of  the  lead. 

The  English  process  is  not  to  be  recommended,  since  the  roasting, 
though  quick,  is  incomplete,  and  much  lead  is  lost  at  the  high 
temperature  employed.  With  certain  modifications,  it  can,  however, 
be  made  very  suitable  for  rich  ores  free  from  silica,  these  modi- 
fications being  that  still  larger  furnaces  should  be  employed  (see 
the  Tamowitz  furnace,  page  402),  the  roasting  conducted  at  a 
low  temperature  as  slowly  as  possible,  until  for  one  molecule  of 
sulphide  there  are  formed  one  molecule  of  sulphate  and  two  mole- 
cules of  oxide ;  the  reaction  period  should  not  be  carried  on  so  as 
to  melt  the  charge,  and  the  residue  should  only  be  deprived  of  its 
lead  as  far  as  this  can  be  effected  without  much  loss  of  metal,  the 
rest  of  the  lead  being  obtained  from  it  by  smelting  with  a  reducing 
agent  in  ^haft  furnaces. 


THE  TARNOWITZ   PROCESS 

This  process  is  a  Carinthian  process  worked  in  an  English 
furnace  with  very  large  charges,  the  last  or  slag-reduction  (Bleiprei>sen) 
stage  being  either  omitted  or  considerably  curtailed.  By  conducting 
the  process  according  to  the  Carinthian  method,  and  interrupting  it 
at  the  end  of  the  rabbling  stage,  a  pure  lead  is  obtained  with  only 
a  small  loss,  whilst  the  loss  of  lead  which  takes  place  during  the 
subsequent  process  for  the  extraction  of  the  lead  from  the  residue  is 
done  away  with,  and  the  various  foreign  metals  (antimony  and  copper), 

*  The  Mttallurgy  qf  Lead  and  Silver,  Part  I.  p.  57. 
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which  would  be  reduced  by  carbon  in  this  latter  stage  and  pass  into 
the  lead,  remain  behind  in  the  residue. 

By  employing  a  large  furnace,  the  advantages  of  the  English 
process  are  secured,  viz.,  a  large  output  and  a  small  expenditure  for 
fuel  and  wages.  It  is,  however,  impossible  to  avoid  leaving  a  large 
percentage  of  lead  (83  to  50  per  cent.)  in  the  residues,  which  are, 
therefore,  smelted  in  shaft  furnaces,  in  which  the  loss  of  lead  is 
considerably  smaller  than  in  the  slag  reduction,  as  carried  out  in 
the  reverberatory  furnace.  If  the  ore  is  argentiferous,  the  silver  is 
concentrated  in  the  portion  of  the  lead  first  produced. 

The-  process  is  employed  at  Friedrichshiitte,  Tarnowitz,  at  Raibl, 
Carinthia,  and  at  the  Walther-Kroneck  Works  at  Schoppinitz, 
in  Upper  Silesia.  At  Mons,  in  Belgium,  a  similar  process,  developed 
independently  of  the  Friedrichshiitte  method,  is  employed. 

The  process,  as  worked  at  Friedrichshiitte,  is  peculiar,  inasmuch 
as  a  fourth  of  the  ore  employed  contains  a  considerable  proportion  of 
zinc  blende,  and  has  consequently  to  be  submitted  to  a  preliminary 
roasting  in  a  long-bedded  calciner  {Fm^tschaufelungsofeYi),  whilst 
plumbiferous  slags  or  residues  are  added  to  assist  the  process. 

LEAD  SMELTING   AT   FRIEDRICHSHIITTE 

The  ores  smelted  at  present  contain  on  an  average  70  per  cent,  of 
lead,  OOOfS  per  cent,  of  silver,  4  to  5  per  cent,  of  zinc  (present  as 
blende),  in  addition  to  small  amounts  of  pyrites,  spathic  iron  ore, 
calcite,  magnesite  and  zinc  carbonate.  They  are  free  from  copper, 
arsenic  and  antimony. 

The  construction  of  the  furnace  is  shown  in  the  Figs.  287  to  290. 
Itdiffersfrom  the  Stiperstones  furnace  in  having  four  working  doors  on 
each  of  its  longer  sides,  whilst  the  hearth  has  a  gradual  slope  towards 
the  well,  instead  of  a  sudden  fell,  and  the  well  itself  is  not  placed  in  the 
centre  of  the  front  of  the  furnace,  but  at  the  end  nearest  the  flue. 
The  hearth  is  16  feet  6  inches  long  and  9  feet  broad.  It  was  formerly 
c&mposed  of  iron  refinery  slag  melted  over  a  brasque  bottom,  whilst 
it  is  now  made  by  heating  together  reverberatory  furnace  residues 
and  lime  until  the  mass  becomes  pasty.  The  brasque  bottom  rests 
on  a  layer  of  bricks,  resting  in  turn  on  a  bed  of  sand.  The  hearth 
proper  is  3  to  4  inches  thick,  as  also  is  the  bed  of  brasque  composed  of 
3  parts  coke  and  one  part  clay. 

The  fireplace,  situated  at  one  of  the  shorter  ends  of  the  furnace, 
can  be  fired  from  either  of  the  longer  sides  of  the  same.  The  grate 
is  20  inches  broad  and  8  feet  long.  The  firebridge,  which  is  hollow 
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for  air-cooling,  is  6  f'eut  3  inchoK  long  and  29  inches  broad.     The  flue 
lying  opjjosibe  the  fireplace.  4  feet  fi  inches  broad  and  15J  inches 


high,  is  divided  into  4  slits  by  brick  partitions.     The  furnace  gases 
j»S8ing  through  it  are  conducted  through  an  extensive  system  of  flue 


LEAD  403 

dust  chambers  and  thence  into  the  stack.  The  lead  which  collects  in 
the  well  is  tapped  out  into  a  pot  placed  in  front  of  the  furnace. 
The  charge  is  introduced  into  the  furnace  through  a  hole  in  the 
arched  roof,  and  the  residue  is  pushed  through  an  opening  in  the 
hearth  bottom,  covered  during  working  with  an  iron  plate  into  a  vessel 
placed  beneath  the  furnace  to  receive  it. 

The  charge  worked  at  present  weighs  2^  to  2|  tons. 

The  ore  first  undergoes  a  4  hours*  roasting,  being  spread  in  a  layer 
3  to  4  inches  thick,  the  temperature  being  kept  at  a  dull  red  heat 
(500-600°  C),  and  the  mass  being  rabbled  from  8  to  10  times.  The 
fire  is  then  urged  and  the  reaction  stage  follows,  the  mass  being 
thoroughly  mixed  by  stirring.  At  this  stage,  in  order  to  assist  the 
reaction,  10  to  12  cwts.  of  various  kinds  of  residues  from  the  smelting 
works,  but  all  containing  lead  oxide,  are  added.  These  consist  of 
flue  dust,  lead  oxide  containing  zinc  from  the  purification  of  the  lead 
remaining  after  its  silver  has  been  removed  by  Parkes  s  process, 
skimmings  containing  lead,  litharge,  and  formerly  cerussite. 

The  reaction  period  lasts  altogether  7  hours.  During  this  time 
the  fusion  of  the  mass  is  prevented  by  regulating  the  air  supply  and 
by  additions  of  lime.  By  thoroughly  stirring  the  mass  with  the  doors 
open,  it  is  cooled  from  time  to  time  and  though  the  production  of 
lead  is  thereby  interrupted,  oxidation  of  the  undecomposed  lead 
sulphide  is  simultaneously  promoted.  By  urging  the  fire  and  closing 
the  doors,  the  mass  is  again  brought  to  the  temperature  at  which 
the  formation  of  lead  begins  afresh. 

The  cooling  of  the  charge  and  the  subsequent  reheating  are 
repeated  several  times,  at  intervals  of  1|  to  2  hours.  Three  hours 
from  the  commencement  of  the  reaction  stage  so  much  lead  has 
collected  in  the  well  that  the  first  tapping  takes  place.  The  lead 
produced  (virgin  lead)  is  proportionately  rich  in  silver  (01 7  to  0*2 
per  cent.).  Other  tappings  follow  at  intervals  of  from  1^  to  2  hours, 
yielding  each  time  less  lead,  which  is  also  poorer  in  silver.  When 
no  more  lead  is  formed,  which  is  the  case  after  the  reaction  period 
has  lasted  for  7  hours,  the  residue  is  removed  by  being  pushed 
through  a  vertical  flue  in  the  hearth  into  a  cinicible  placed  in  a  recess 
underneath.  In  this  way  the  exposure  of  the  workmen  to  lead  fumes, 
which  is  inevitable  when  the  residue  is  drawn  out  through  the  working 
doors,  is  prevented. 

The  arrangement  is  shown  in  Figs.  291  and  292 ;  ^  c  is  the 
vertical  flue  leading  from  the  furnace  to  the  recess  a,  d  is  the  crucible, 
e  is  a  screen  with  peephole/  (Fig.  291),  which  closes  the  recess  when 

'  0-  Saeger,  Hygiene  der  HiUleiiarbeiler,  Jena,  1895. 
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the  slag  is  being  drawn.  The  closing  of  this  recess  causes  the  lead 
fumes  to  pass  up  the  flue  c,  and  to  escape  through  the  stack  after 
traversing  the  furnace.  To  prevent  the  escape  of  lead  fumes  into 
the  building  during  tapping,  a  telescopic  cylindrical  hood  (Fig.  293) 
is  let  down  over  the  sump  A;,  so  that  the  lead  fumes  are  forced  to 
pass  up  this  and  escape  by  the  stack. 

The  residue,  which  constitutes  25  to  30  per  cent,  of  the  weight  of 
the  charge,  contains  40  to  56  per  cent,  of  lead,  60  to  65  per  cent,  of 
the  total  lead  in  the  ore  being  obtained  as  metal,  the  remainder 
being  in  the  residue,  which  also  contains  about  002  per  cent,  of 


Fio.  201. 


silver.  It  is  worked  up  in  shaft  furnaces  for  the  recovery  of  its 
lead. 

The  process  occupies  from  11  to  12  hours,  and  requires  90  lbs.  to 
1  cwt.  of  coal  for  every  2  cwts.  of  ore  smelted.  Two  men  are  required 
to  attend  to  the  furnace  in  each  12-hour  shift.  The  lead  loss  is 
4*45  per  cent.,  but  counting  the  lead  obtained  from  the  residues  and 
the  flue  dust  only  1*3  per  cent. 

The  cost  per  ton  of  pure  lead  for  a  2*75  ton  charge  is  6*9  marks 
for  coal  and  6*5  marks  for  wages ;  or  4*2  and  38  marks  for  coal  and 
wages  respectively  per  ton  of  ore. 

At  the  Walther-KrpDeck  Works,  at  Schoppinitz,  in  Upper  Silesia, 
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the  furnace  is  constructed  with  a  fireplace  on  each  of  its  shorter 
sides,  the  waste  gases  being  drawn  off  in  the  middle  of  the  furnace 
arch.  The  charge  consists  of  4  tons  of  ore  containing  75  per  cent,  of 
lead.     The   roasting   stage   occupies   4   hours,  the   reaction   period 


6  hours.  About  60  per  cent,  of  the  amount  of  load  present  is 
obtained  in  the  reverberatory  furnace,  and  the  residue  is  smelted  in  a 
Pilz  furnace  to  recover  the  jemaindor  of  the  lead. 

The  fuel  used  amounts  to  55  to  60  per  cent,  of  the  weight  of  the 
charge. 
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THE   BLEIBERO   PROCESS   AT  MONS,   IN   BELGIUM' 

This,  like  the  Friedrichshiitte  process,  ia  a  combination  of  the 
Carinthian  and  English  processes.  The  ore  worked  was  galena,  from 
Bleiberg,  near  Mons,  containing  80  per  cent,  of  lead,  076  per  cent,  of 
antimony,  0'006  per  cent,  of  copper,  .001 45  per  cent,  of  silver,  and 
small  admixtures  of  zinc  blende,  pyrites  and  quartz. 

The  furnace  differs  from  the  Friedrichshiitte  furnace  in  that  it 
possesses  two  fireplaces,  one  on  each  short  aide,  and  the  waste  gaseous 


products  are  drawn  off  through  two  flues  in  the  centre  of  the  furnace 
roof,  the  arrangement  being  shown  in  Figs.  294  to  296,  The  hearth 
is  15^  feet  long  and  9  feet  6  inches  broad,  the  two  grates  being 
each  6  feet  6  inches  long  and  16  inches  broad.  The  firebridgee  are 
2  feet  broad  and  1  foot  below  the  roof.  On  each  of  the  longer  sides 
of  the  furnace  are  3  working  doors,  a,  a,  a.  The  hearth  slopes  uniformly 
■  Berg-  and  Hutttnm.-Zlg.,  1863,  p.  368. 
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from  each  firebridge  towards  the  centre,  so  that  a  channel  is  formed 
which  slopes  down  towards  the  pot  s,  placed  at  the  front  of  the 
furnace  before  the  middle  working  door.  The  waste  gases  pass 
through  the  opening  n, »,  into  the  flues  v,  v^  and  away  to  the  chimney. 

Two-ton  charges  are  worked,  the  whole  operation  lasting  16 
hours,  6  of  which  are  occupied  by  the  roasting,  and  8  by  the 
reaction  stage.  The  process  is  so  conducted  that  two-thirds  of  the 
lead  contents  of  the  ore  are  obtained  in  this  furnace,  the  remainder 
being  allowed  to  go  into  the  residue.  After  the  reaction  stage  is 
finished,  the  residue  is  fritted  together  by  urging  the  fires  and  is  then 
drawn  out.  It  contains  66'36  per  cent,  of  lead  and  00024  per  cent, 
of  silver,  and  is  worked  up  together  with  flue  dust  and  waste  from  the 
refining  furnace  in  the  shaft  furnace. 

One  ton  of  ore  with  79*34  per  cent,  of  lead  yielded  lOi  cwts.  of 
work  lead,  containing  00258  per  cent,  of  silver,  and  6  J  cwts.  of  residue 
with  6636  per  cent,  of  lead  and  00024  per  cent,  of  silver.  The  coal 
used  amounted  to  40  per  cent,  of  the  weight  of  the  ore,  and  the  total 
loss  of  lead  to  5*09  per  cent. 

The  Tamowitz  process  is  the  most  suitable  of  all  the  air-reduction 
processes  for  rich  ores  free  from  silica,  and  is  to  be  preferred  for 
working  these,  if  raw  fuel  is  to  be  had  cheaply. 

THE  FRENCH  OR  BRITTANY   PROCESS^ 

This  process  is  a  modification  of  the  Carinthian  processes,  from 
which  it  differs  in  that  larger  charges  (over  1  ton)  are  employed,  the 
period  of  roasting  is  much  longer,  the  residues  are  richer  in  lead,  and 
the  loss  of  metal  is  greater.  It  is  suitable  for  ores  containing  ufi 
to  6  per  cent,  of  silica,  but  is  no  longer  employed  on  account  of 
the  attendant  large  loss  of  lead.  It  was  formerly  in  use  at 
Poullaouen  in  Brittany,  Corfalie  in  Belgium,  Albertville  in  Savoy, 
St.  Louis  and  Escallotte  near  Marseilles,  and  at  the  Binsfeldhammer- 
hiitte  at  Stolberg. 

In  consequence  of  the  prolonged  roasting  (7  hours)  at  a  low 
temperature,  necessitated  by  the  presence  of  silica,  more  lead  sulphate 
is  obtained  in  proportion  to  unaltered  sulphide  than  in  the  Carinthian 
process,  consequently  in  the  reaction  stage  lead  oxide  is  formed  in 
addition  to  the  metal,  according  to  the  equation : — 

PbS  +  3PbS0, = 4PbO  +  4SO2. 

This  lead  oxide  in  its  turn  acts  upon  the  unaltered  sulphide  still  present, 
forming  lead  and  sulphur  dioxide.     As,  however,  oxide  and  sulphate 

'  Habets,  Induetrie  helge,  Liege,  1878.     Jievue  tmivers,  1877,  No.  1. 
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are  finally  left,  being  present  in  excess,  carbon  in  the  form  of  coal  or 
wood  billets  is  mixed  in  with  the  mass  in  order  to  reduce  the  lead 
oxide  to  metal,  and  a  part  of  the  sulphate  to  sulphide,  according  to 
the  equations: — 

4PbO  +  2C  =  4Pb  +  2C02 
2PbS0, + 2C  =  PbS  +  PbSO, + 200^. 

The  sulphide  and  sulphate  then  react  upon  each  other,  so  that  either 
metallic  lead  is  obtained  or  a  mixture  of  lead  and  lead  oxide,  depend- 
ing upon  the  proportions  in  which  the  two  bodies  were  present.  The 
lead  oxide  either  reacts  with  more  sulphide  or  is  reduced  by  carbon. 

In  many  cases  the  temperature  during  the  reaction  stage  is  raised 
so  as  to  melt  the  charge,  which  is  subsequently  stiffened  by  the 
addition  of  lime. 

As  larger  charges  are  worked  by  this  method  than  in  the 
Carinthian  process,  and  as  the  formation  of  lead  silicate  cannot  be 
altogether  avoided,  the  residues  obtained  are  richer  in  lead.  The 
high  temperature  necessarily  employed  in  the  working  of  these  large 
amounts  of  rich  residue  also  makes  the  loss  of  lead  greater  than  in  the 
Carinthian  process.  The  furnaces  in  which  the  process  was  conducted 
had  either  one  or  two  hearths.  In  the  latter  case  the  roasting  was 
carried  out  on  the  upper  hearth,  and  the  reaction,  as  well  as  the 
extraction  of  the  lead  from  the  residue,  on  the  lower  one.  The  final 
residues  were  worked  up  either  in  shaft  furnaces  or  reduced  by  iron  in 
reverberatory  furnaces. 

As  an  example  of  the  process,  the  method  of  working  formerly 
employed  at  Poullaouen,  in  Brittany,^  may  be  briefly  considered. 

The  ore  was  galena  with  5  per  cent,  of  quartz,  and  a  small 
admixture  of  zinc  blende  and  pyrites.  The  furnace  had  one  hearth 
having  three  working  doors  in  the  front  longer  side  only,  the  tapping 
pot  being  placed  under  the  centre  one.  The  hearth  composed  of 
clay  saturated  with  molten  ore  was  11  feet  long  and  6  feet  6  inches 
broad.  The  fireplace  was  on  one  of  the  shorter  sides  of  the  furnace  and 
the  flue  opposite  to  it,  the  grate  being  4  feet  3  inches  long,  20  inches 
broad,  and  the  firebridge  22  inches  broad. 

The  charge  weighed  26  cwts.,  and  was  first  roasted  at  a  low 
tempei-ature  for  5  or  6  hours.  Crusts  of  lead  sulphate  formed  on  the 
surface  of  the  ore,  and  were  broken  up  and  mixed  in  with  the  rest  of 
the  charge.  When  the  roasted  mass  began  to  cake  together,  and  the 
first  drops  of  lead  appeared,  in  consequence  of  the  action  of  the 
sulphate  on  the  galena,  the  fire  was  urged  so  as  to  render  the  mass 

>  Btrg-  und  Hiittenm.-Ztg.  1863,  pp.  367,  368.  Ami.  dts  Mints,  6th  series,  13,  p.  336, 
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pasty,  but  not  sufficient   to   make  it  fluid,  and  the  reaction  stage 
set  in. 

For  the  purpose  of  reducing  the  lead  oxide  and  the  excess  of  lead 
sulphate  produced,  pieces  of  wood  or  of  lean  coal  were  added,  and 
the  mass  stirred  at  short  intervals.  The  first  tapping  took  place  4  to 
5  hours  after  the  commencement  of  the  reaction  stage,  and  was 
followed  after  an  interval  of  IJ  to  2  hours  by  a  second  tapping,  the 
residue  being  then  drawn  out  of  the  furnace.  The  latter  amounted 
to  33  per  cent,  of  the  charge,  and  contained  38  to  39  per  cent,  of  lead. 
The  reaction  stage  lasted  8  hours,  and  the  whole  operation  16  hours ; 
176  cubic  feet  of  wood  and  6  cwts.  of  coal  were  used,  and  the  labour  of 
two  men  was  required.  The  residues  were  smelted  with  iron  in  a 
reverberatory  furnace,  together  with  silver  ores  and  plumbiferous 
furnace  products. 

Of  the  lead  in  the  ore  71  per  cent,  was  obtained  in  the  reverbera- 
tory furnace ;  19  per  cent,  of  the  lead  in  the  residues  was  recovered, 
and  the  entire  loss  of  lead  amounted  to  10  per  cent,  of  the  total  lead 
present  in  the  ore. 

The  French  process  is  no  longer  used,  partly  on  account  of  the 
exhaustion  of  the  ore  deposits,  and  partly  because  it  has  been  super- 
seded by  the  roasting  and  carbon-reduction  process,  which  is  superior 
to  it  in  every  respect. 

According  to  the  foregoing  statements  it  will  be  seen  that  the  air- 
reduction  process  is  chiefly  employed  where  fuel  can  be  cheaply 
obtained  and  the  ores  are  rich  and  free  from  quartz,  the  Tarnowitz, 
or  a  method  conducted  on  similar  lines,  being  the  best  way  of 
carrj'ing  it  out. 

SMELTING  BY   THE   AIR-REDUCTION   PROCESS   IN   HEARTHS 

The  air-reduction  process,  when  worked  in  hearths,  is  attended 
with  a  larger  loss  of  lead  than  when  it  is  conducted  in  reverberatory 
furnaces,  and  is  more  injurious  to  the  health  of  the  workmen  on 
account  of  their  exposure  to  the  lead  fumes. 

The  hearths  are  worked  with  a  blast  of  air,  and  either  natural 
fuels,  such  as  wood,  peat  or  coal,  can  be  employed,  or  a  carbonised 
fuel  like  charcoal. 

The  hearth  processes  are  distinguished  from  others  by  the  fact 
that  the  charge  and  the  fuel  do  not  rest  on  a  solid  bed  but  float  on 
a  bath  of  molten  lead,  with  which  the  hearth  is  almost  filled,  other- 
wise the  iron  of  which  the  sides  of  the  hearth  are  composed  would 
be  attacked.     A  further  difference  between  these  and  reverberatory 
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furnace  processes  is  that  the  lead  is  obtained  from  the  ore  by  the 
reducing  action  of  the  carbon  of  the  fuel,  in  addition  to  that  pro- 
duced by  the  interaction  of  sulphide  with  sulphate  and  oxide. 

The  two  stages  of  roasting  and  subsequent  reaction  are  not 
distinct,  but  the  various  reactions  are  all  taking  place  at  the  same 
time ;  part  of  the  ore  is  being  roasted,  the  reaction  between  sulphate 
and  oxide  and  unaltered  galena  is  going  on,  as  well  as  the  reduction 
of  lead  oxide  by  carbon. 

The  ore  must  be  of  the  size  of  peas  or  better  still  in  pieces  as 
large  as  a  hazel  nut.  Smaller  pieces  are  to  be  avoided,  otherwise 
dust  forms  readily.  Ores  in  fine  powder  must  first  be 
sintered  together  before  treatment  in  the  hearth.  From  11  to  33  Iba 
is  the  quantity  treated  at  one  time. 

The  process  is  so  conducted  that  the  charge  on  the  hearth  never 
melts.  In  order  to  prevent  this  occurring,  the  blast  is  stopped, 
portions  of  the  charge  are  withdrawn  at  short  intervals  from  the 
furnace,  the  poor  slag  separated  from  them,  and  after  subsequent 
cooling,  usually  with  an  addition  of  lime  to  stiffen  them,  they  are 
returned  to  the  hearth. 

In  order  to  protect  the  workmen  from  the  considerable  amount  of 
lead  fume  which  is  produced,  arrangements  are  fixed  over  the  hearth 
in  order  to  carry  it  away,  the  fume  being  deposited  afterwards  in 
capacious  condensers. 

The  hearth  is  a  rectangular  cavity,  the  bottom  and  sides  of  which 
are  made  of  cast-iron.  In  many  cases  the  front  side  is  composed 
of  a  mixture  of  bone  ash  and  crushed  galena,  this  being  impervious 
to  metallic  lead.  In  front  is  a  sloping  plate,  the  so-called  work- 
stone,  and  in  it  is  a  narrow  channel  along  which  the  lead,  flowing 
over  from  the  hearth,  finds  its  way  into^  a  heated  cast-iron  pot. 
Over  the  hearth  are  placed  hoods  in  connection  with  flues,  in  order 
to  carry  oflF  the  lead  fume.  In  many  hearths  there  are  extensions 
of  the  back  and  side  walls  made  of  cast-iron,  which  are  either  air-  or 
water-cooled.  When  air-cooling  is  employed,  the  blast  is  led  through 
the  parts  to  be  cooled,  though  by  employing  the  blast  thus  heated 
the  loss  of  lead  by  volatilisation  is  considerably  increased.  On  this 
account  air-cooling  has  in  most  cases  been  replaced  by  water-cooling, 
except  in  those  cases  where  a  part  of  the  lead  is  purposely  volatilised 
and  the  fume,  after  cooling,  collected  in  bags  and  afterwards  worked 
up  for  paint  (Bartlett's  process). 

Hearths  can  be  divided  into  four  classes : 

1.  The  Scotch  hearth. 

2.  The  air-cooled  American  hearth  (Rossie  furnace). 
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3.  The  watar-cooled  American  hearth. 

4.  The  Jumbo  hearth  or  Moffet  hearth  with  both  air-  and  water- 
cooling. 

The  Scotch  hearth  is  shown  in  the  accompanyiDg  Figs.  297  to 
301.     The  first   two  figures  represent  a   hearth,   the  front   wall  of 


which  is  made  up  of  a  mixture  of  bone  ash  and  crushed  galena. 
A  19  the  hearth  proper,  22  inches  long,  19  inches  broad,  and  12 
inches  deep.  The  bottom  (2^  inches  thick),  both  sides,  and  the 
back  are  of  cast-iron,  the  front  wall  of  the  mixture  just  mentioned. 
Again  this  front  side  or  so-called  dam  fits  a  sloping  cast-iron  plate 
(workslone)  with  turned  up  edges  and  a  channel  b,  and  in  front  of 
this  is  placed  the  cast-iron   pot  C,  which   is   kept   hot.     The  lead 


B!^i 


reduced  from  the  ore  overflows  the  dam  when  the  hearth  is  full  and 
finds  its  way  along  the  channel  b  into  the  pot  C.  The  blast  is 
introduced  at  the  back,  the  nozzle  of  the  tuyere  resting  on  the  square 
cast-iron  prism  or  backbone  d,  upon  which  lies  the  cast-iron 
piece    e,    the  so-called  pipedone,   which   is   provided   with   a   hole' 
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for  the  tuyere.  On  the  sides  of  the  hearth  are  similar  cast-iron 
pieces.  Twelve  inches  above  the  dam  is  placed  the  foresione  of  cast 
iron.  Over  the  hearth  is  an  open  hood  connected  with  the  fume 
chamber?. 

Figa.  299  to  301  represent  a  furnace  constructed  entirely  of  cast- 
iron,  with  fume  collector  and  a  sliding  door  in  front  of  the  hearth, 
formerly  in  use  at  the  works  of  Messrs.  Cookson  &  Co.  near  New- 
castle-on-Tyne. 

The  hearth  a  is  constructed  entirely  of  cast-iron,  and  with  the 
cast-iron    workstone  g,  rests  on  brickwork.     The  channel  h   in   the 


workstone  conveys  the  lead  flowing  over  from  the  hearth  into  tho 
cast-iron  pot  i.  The  hearth  holds  2  tons  of  lead.  On  each  side  ai-e 
cast-iron  pieces  n,  and  on  the  back  the  cast-iron  block  o  rests,  having 
a  space  in  it  for  the  tuyere  b,  the  nozzle  of  which  lies  2  inches  above 
the  level  of  the  lead  surface  on  the  hearth.  On  the  block  o  a  wider 
cast-iron  piece  p  rests,  and  m  is  a  cast-iron  bar  placed  over  the  front 
of  the  hearth;  c  is  the  chimney  for  the  fume,  and  r^  is  a  dust- 
collecting  chamber,  the  flue  dust  being  removed  by  means  of  the 
door  e.  The  fuel  can  be  dropped  on  to  the  hearth  through  the 
door  k,  while  the  ore  is  added  from  the  front  of  the  hearth,  which 
can  be  closed  or  opened  by  the  sliding  door/. 

'  Eiyhlh  Aan«at  Jtepoii   of  the.   Lora!  OorenuaeiU  Board    187S -79.     Supplement 
g  the  Report  of  the  Medical  Officer  for  1ST8.     London,  1S~9,  p.  9Sl. 
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The  disadvantage  of  this  hearth  is  that  uninterrupted  work  in  it 
is  not  possible,  as  the  sides  become  heated,  and  it  is  necessary  to 
allow  time  for  cooling  after  the  working  up  of  each  charge.  It  is 
employed  in  England  and  Scotland,  peat  or  bituminous  coal  being 
used  as  fuel. 

The  American  air-cooled  hearth  or  Rossie  furnace  was  formerly 
employed  in  New  York  State,  but  was  abandoned  on  account  of  the 
large  loss  of  lead  by  volatilisation. 

The  construction  of  this  furnace  is  shown  in  Figs.  302  and  303. 
The  hearth  is  composed  of  cast-iron  plates,  the  cavity  being  2  feet 
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long,  2  feet  broad,  and  1  foot  deep.  In  the  front  it  is  furnished 
with  a  workstone  (7,  in  which  is  a  channel  rf,  to  convey  the  lead  from 
the  hearth  into  the  heated  iron  pot  B.  At  the  back  and  both  sides 
of  the  hearth  is  the  double  walled  air  space  B^  formed  partly  by  an 
extension  of  the  sides.  Into  this  space  the  blast  enters  at  a  and 
leaves  it  at  b,  passing  along  the  tube  in  the  direction  of  the  arrows 
to  the  tuyere  c.  At  Rossie,  wood  was  used  as  fuel.  In  a  similar 
furnace  at  Bleiberg  2  tons  of  lead  ore  were  worked  in  12  hours. 
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The  water-cooled  American  hearth  is  shown  in  the  Figs.  304  and 
305.  It  has  a  cast-iron  hearth  set  in  masonry.  Above  the  back 
and  both  sides  is  a  hollow  cast-iron  chamber  through  which  water 
circulates,  the  water  entering  by  the  tube  6  and  flowing  avray 
through  e.     At  the  back  of  the  water  casing  is  the  air  chamber  d 
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communicating  with  the  blowing  apparatus  and  delivering  the  air 
through  three  nozzles  on  to  the  hearth.  Wood,  coal,  or  charcoal  is 
employed  as  fuel. 

This  furnace  is  employed  in  Missouri,  U.S.A.' 

•  Williama,  "  Industrial  Report,"  Geo!.  S'inty  rtf  MUaotiH,  1877,  p.  .W.     Tra""- 
A,l.M.E.  V.  p.  32*.     Broadhead,  Geo/.  San^y  of  Mi»aouri,  1873-74,  p.  493. 
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The  MofFet  hearth  or  Jumbo  furnace  is  also  employed  in  the 
United  States  and  in  England,  and  consists  of  a  double  hearth, 
partly  air-  and  partly  water-cooled.  Figs.  306  to  308  show  its 
construction.^ 

The  furnace  is  supported  on  cast-iron  pillars,  so  that  the  cavity  of 
the  hearth  is  cooled  underneath  by  the  air.  The  hearth  is  divided 
into  two  parts  by  means  of  a  hollow  cast-iron  partition  lying  on  the 
bottom,  so  that  each  part  forms  a  separate  hearth  which  can  be  worked 
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independently  of  the  other.  This  partition  box  serves  as  the  back  of 
both  hearths,  and  has  a  hole  in  its  lower  part  by  which  it  is  filled  with 
molten  lead.  Upon  this  a  hollow  cast-iron  box  rests  in  which  water 
circulates,  and  above  this  is  the  air  chest,  also  of  iron,  divided  length- 
wise into  two  parts.  From  both  of  these  parts  the  air  passes  through 
a  series  of  seven  copper  nozzles  through  the  water-box  and  delivers 

^  Dewej,  Trans.  A,I.Af,E.  xviii.  p.  674.  Clerc,  Engin,  aiid.  Mitl  Journal ,  July  4, 
1885.  Ramaay,  Sc,  American  Supplement,  May  14,  No.  693,  I887.  Trans,  of  th^ 
A.LM.E,  Feb.  1890, 
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warm  air  on  to  the  hearth.  This  hearth  is  used  mainly  for  the  ex- 
traction of  lead,  but  also  serves  for  the  manufacture  of  white  paint 
from  the  fume  (at  Joplin  in  Missouri). 

The  manner  of  conducting  the  process  in  the  various  hearths 
is  almost  identical,  as  long  as  the  object  is  not  to  obtain  the  fume 
for  use  as  a  pigment. 

On  to  the  hearth,  which  has  previously  been  almost  filled  with  lead, 
some  coal  is  strewn  and  then  the  fuel  (coal,  peat,  wood,  or  charcoal)  is 
piled  upon  it.  When  the  fuel  is  well  ignited  and  in  a  glowing  state 
the  residue  from  the  previous  operation,  called  browse  in  England 
and  Scotland,  is  put  on  to  it.  As  soon  as  lead  begins  to  separate  out, 
a  quantity  of  ore,  varying  according  to  the  size  of  the  hearth  from  11 
to  33  lbs.  mixed  usually  with  a  little  lime  (IJ  to  2  per  cent.),  is 
thrown  on  to  the  glowing  mass  and  covered  with  a  small  portion  of 
fuel.  After  10  or  15  minutes  the  underside  of  this  mass  is  sintered 
together,  and  it  is  then  broken  up  and  withdrawn  on  to  the  work- 
stone,  the  top  portion  of  the  charge  now  sinking  down  in  the  hearth. 
On  the  workstone  the  slag  is  separated  from  the  incompletely  decora- 
posed  ore  (browse)  and  the  latter,  mixed  with  a  fresh  quantity  of  ore 
and  a  little  slaked  lime,  is  put  back  into  the  hearth,  the  separated  slag 
being  collected  and  afterwards  worked  up  in  the  slag-hearth.  After  5  or 
10  minutes  the  mass  is  again  broken  up,  the  lower  partially  smelted 
portion  being  withdrawn  from  the  hearth  and  treated  as  before. 

The  various  operations  of  breaking  up  the  charge,  drawing  out 
the  residue,  and  separating  the  slag  from  it  and  then  replacing  it  in 
the  hearth,  are  repeated  at  intervals  of  from  5  to  10  minutes. 

In  those  Scotch  hearths  which  are  not  provided  with  any  cooling 
arrangement,  after  8  to  12  hours'  working  the  hearth  becomes  so  hot 
that  an  interval  of  some  5  hours  is  necessary  in  order  to  allow  it  to 
cool  down,  this  interruption  of  work  being  unnecessary  in  hearths 
which  are  cooled.  The  separated  lead  trickles  through  the  fuel 
into  the  hearth,  and  when  this  is  quite  full  it  overflows  and  passes 
along  the  channel  in  the  workstone  to  the  vessel  placed  in  front  to 
receive  it. 

A  hearth  with  a  large  output  requires  the  labour  of  thi-ee,  a 
smaller  one  of  two,  men. 

In  a  Scotch  hearth  at  Wensleydale  (Yorkshire)  ^  192  cwts.  of 
ore  were  smelted  in  a  week  in  shifts  of  from  6  to  8  hours,  with  a 
consumption  of  6  cwts.  3  qrs.  of  coal  and  24  bushels  of  peat.  The 
yield  of  lead  was  142  cwts.  3  qrs.  18  lbs.,  or  74*44  per  cent.,  and 
12  cwts.  2  qrs.  14  lbs.  of  grey  slags  were  produced  and  3  cwts.  of 

1  Percy's  Lead,  p.  283. 
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browse^  which,  however,  was  the  same  as  the  amount  of  browse  avail- 
able at   the   begimiing   of  the   operation.     In   each  8  hours  shift  ^ 
32  cwts.  of  ore  were  treated. 

At  the  works  of  the  Keld  Head  Mining  Co.  in  England,  2  tons 
2  cwts.  of  ore  were  smelted  in  12  hours  in  a  large  Scotch  hearth 
23  inches  long,  21  inches  wide,  and  12  inches  deep.  Three  workmen 
were  required  in  a  shift  and  the  fuel  consumption  was  410  lbs.  of  coal 
and  12  bushels  of  turf     The  output  was  74*44  per  cent. 

American  furnaces  are  in  use  at  Kreuth,  Pictznig,  Qailitz,  and 
Scherian  in  Carinthia.  The  newest  of  these  are  arranged  in  threes 
and  sixes  around  a  central  upright  blast  tube,  so  that  they  form 
segments  of  a  circle  as  seen  in  horizontal  section.  At  Gailitz 
works,  6  hearths  are  thus  arranged ;  one  furnace  is  always  out  of  blast 
between  two  working  hearths  so  as  to  keep  the  partition  between 
them  cool.  The  central  blastpipe  has  six  horizontal  branches,  each  of 
which  passes  into  a  wind  chest  fitted  with  5  tuyeres  for  each  hearth. 
A  hood  is  brought  over  the  hearths  and  an  exhauster  carries  off  the 
fumes  through  this  hood  into  condensing  chambers.  Charcoal  is  used 
as  fuel.  In  12  hours,  2  tons  6  cwts.  of  ore  are  worked  off  at  a 
blast  pressure  of  06  inch  of  mercury.  Each  hearth  is  worked  by 
4  smelters  and  1  charger ;  the  former  are  changed  every  2  hours, 
whilst  the  latter  works  the  whole  of  a  ten-hour  shift. 

The  ores  contain  73  per  cent,  of  lead,  of  which  63  per  cent,  is 
obtained  ready  for  sale.  The  residues  form  10  per  cent,  of  the  charge 
and  contain  25  per  cent,  of  lead ;  they  are  worked  up  in  a  shaft  furnace. 
Ten  per  cent,  of  the  lead  is  volatilised,  half  of  this  being  recovered 
from  the  flue  dust  chambers. 

The  Tamowitz  process  tried  experimentally  without  success  at 
Gailitz,  has  been  supplanted  by  the  method  just  sketched. 

At  Scherian  the  furnaces  are  arranged  in  groups  of  three,  separ- 
ated by  blocks  of  masonry,  and  the  residues  are  worked  up  in  a 
shaft  furnace. 

At  Kreuth  and  Pietznig  single  furnaces  with  rectangular  horizontal 
section  are  used.  The  charge  at  Pietznig  is  235  tons  of  ore  con- 
taining 72  to  74  per  cent,  of  lead,  of  which  66  to  70  per  cent,  is 
obtained,  10  per  cent,  being  left  in  the  residues.  For  every  55  lbs. 
of  lead  obtained,  1  bushel  of  wood  charcoal  is  used. 

In  an  American  air-cooled  hearth  (Rossie  furnace)  at  Rossie 
New  York,  4J  tons  of  ore  were  worked  in  24  hours,  producing 
3^  tons  of  lead,  with  a  consumption  of  2  cords  of  wood,  the  direct 
yield  of  lead  being  73*88  per  cent. 

In  an  American  water-cooled  hearth  at  Granby,  Missouri,  4J  tons 
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of  ore  were  smelted  in  24  hours,  using  27*6  bushels  of  charcoal,  and 
the  direct  yield  of  lead  was  not  greater  than  75  per  cent.  The  slags 
worked  up  in  a  shaft  furnace  contained  30  to  40  per  cent,  of  lead, 
and  three  men  were  required  for  each  shift. 

At  the  Hopewell  works  in  Missouri  a  similar  furnace  was  used, 
3  tons  of  ore  being  worked  in  24  hours  with  a  direct  yield  of  732  per 
cent,  of  lead,  three  men  being  employed  for  each  shift. 

In  the  double  hearth,  with  air-  and  water-cooling,  13  J  tons  of  ore 
are  worked  in  24  hours  with  a  consumption  of  1  ton  of  coal,  both 
metallic  lead  and  lead  fume  for  use  as  a  pigment  being  produced. 
This  process  is  used  at  the  Lone  Elm  Mining  and  Smelting  Company's 
work  at  Joplin,  Jasper  County,  Missouri.  The  ore  is  galena,  contain- 
ing blende  with  70  to  73  per  cent,  of  lead.  It  is  first  smelted  at  a 
high  temperature  with  an  addition  of  2|  per  cent,  of  lime,  the  pro- 
ducts being  lead,  lead  slags,  and  fume.  A  portion  of  the  sulphide  is 
converted  by  the  oxygen  of  the  blast  into  sulphate  and  oxide  which 
react  with  the  remaining  sulphide,  producing  lead  and  sulphur 
dioxide.  Part  of  the  lead  remains  in  the  hearth  and  a  portion  is 
volatilised  and  oxidised,  and  a  portion  of  the  sulphide  behaves  similarly. 

The  lead  fume  after  being  cooled  is  collected  in  woUen  bags, 
and  forms  a  greyish  powder,  which,  on  being  heated  to  bum  ofiF  any 
soot  or  particles  of  coal,  yields  white  crusts  which  are  smelted  in 
low  slag-hearths,  together  with  the  slag  from  the  first  smelting  of 
the  galena.  The  lead  and  zinc  volatilised  are  oxidised  by  air  from  a 
series  of  tuyeres  placed  at  the  upper  part  of  the  furnace.  Metallic 
lead,  slag,  and  lead  fume  are  formed  in  this  furnace,  and  the  fume 
after  cooling  is  caught  in  woollen  bags  and  forms  a  saleable 
white  pigment. 

Of  the  entire  amount  of  lead  in  the  ore,  68  per  cent,  is  obtained 
as  metal,  whilst  part  of  the  remainder  is  converted  into  fume,  and  a 
part  finds  its  way  into  the  slag. 

The  slags  obtained  by  the  hearth  processes  are  smelted  in  shaft 
furnaces,  usually  in  small  furnaces  known  as  slag-hearths,  which  will 
be  described  in  detail  in  the  chapter  dealing  with  the  methods  of 
obtaining  lead  from  plnmbiferous  residues. 

Of  the  various  forms  of  hearth  that  are  in  use,  the  one  most  to 
be  recommended  is  the  water-cooled  hearth,  provided  that  the  object 
aimed  at  is  to  obtain  the  lead  as  metal  and  not  partly  as  flue  dust 
for  the  preparation  of  white  pigments.  If,  however,  in  addition  to 
lead  it  is  desired  to  prepare  these  white  pigments,  as  in  the  Bartlett 
process,  then  the  hearth  with  air-  and  water-cooling  is  preferable. 
Comparing  together  the  hearth  and  reverberatory  furnace  methods. 
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the  disadvantages  possessed  by  the  former  are  the  greater  loss  of  lead 
by  volatilisation,  the  greater  danger  to  the  workmen  from  the  fume, 
and  the  necessity  for  emplojong  a  blast  of  air. 

As  regards  the  yield  of  lead  the  hearth  stands  on  a  level  with  the 
processes  that  are  carried  on  in  large  reverberatory  furnaces,  and  in 
consumption  of  fuel  has  the  advantage  over  the  latter,  though  requir- 
ing more  labour  and  that  of  a  trained  character. 

The  air-reduction  process  should,  therefore,  as  a  rule  be  carried 
out  in  reverberatory  furnaces,  hearths  only  being  employed  when  it 
is  desirable  to  volatilise  part  of  the  lead  with  a  view  to  making  pig- 
ments, or  when  motive  power  for  the  blast  can  be  cheaply  obtained, 
or  when  smelting  is  only  carried  on  periodically,  as  happens  when 
the  ore  is  only  delivered  at  long  intervals.  For  argentiferous  ores 
the  hearth  process  cannot  be  recommended  on  account  of  the  consider- 
able loss  of  silver  by  volatilisation. 

The  Roasting  and  Reduction  Process  (Bdst-und  Beductionsarheit) 

This  method  can  be  employed  for  galena  containing  a  wide  range 
of  impurities.  Ores  rich  in  silica  and  in  bases  which  could  not  be 
smelted  by  the  air  reduction  process  can  be  used,  as  well  as  galenas 
containing  antimonial  and  arsenical  compounds  which  could  not  be 
dealt  with  by  the  iron-reduction  method. 

The  process  consists  in  first  roasting  the  ores  in  a  specially  con- 
structed furnace  and  then  smelting  the  roasted  ore  with  fluxes  and 
reducing  agents  in  a  shaft  furnace. 

In  the  roasting,  the  lead  sulphide  is  as  far  as  possible  converted 
into  oxide.  At  the  same  time  the  sulphides  of  other  metals  are 
oxidised,  and  antimony  and  arsenic  are  as  far  as  possible  volatilised. 
In  the  roasting  of  galena  it  is  impossible  to  prevent  the  formation  of 
considerable  quantities  of  sulphate ;  Plattner  ^  obtained,  by  most  care- 
ful roasting  of  powdered  galena,  66*3  per  cent,  of  oxide  and  337  per 
cent,  of  lead  sulphate.  This  lead  sulphate,  which  would  be  reduced 
again  in  the  blast  furnace  to  sulphide,  is  in  most  cases  converted  into 
silicate  at  the  conclusion  of  the  roasting. 

Huntington  and  Heberlein's  new  method  of  desulphurising 
galena  consists  in  a  preliminary  roasting  with  quicklime,  followed  by 
scorification.  In  this  way  the  whole  of  the  sulphide  can  be  converted 
into  oxide. 

In  the  smelting  of  the  roasted  ore  in  the  shaft  furnace,  the  lead 
present  as  oxide  is  reduced  by  carbon,  that  present  as  silicate  by 
iron  and  carbon  combined.     The  sulphide  present  in  the  roasted  ore, 

^  MetaJlurg,  Bostprozesse, 
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or  formed  in  the  furnace  by  the  reduction  of  lead  sulphate,  is  reduced 
by  metallic  iron,  forming  lead  and  ferrous  sulphide.  The  other 
constituents,  with  the  exception  of  gold  and  silver,  must  either  be 
volatilised  or  slagged  off,  the  gold  and  silver  going  into  the  metallic  lead. 

Of  the  various  foreign  substances  present  in  the  ores,  zinc  blende, 
when  in  large  amounts,  acts  the  most  injuriously. 

In  the  opemtion  of  smelting,  zinc  sulphide  will  find  its  way  partly 
into  the  slag  and  partly  into  the  matte  if  any  be  formed,  making 
both  substances  less  fluid,  and  carrying  silver  with  it  if  the  ores 
contained  silver  sulphide.  In  consequence  of  the  less  fluid  condition 
of  the  matte  and  slag,  they  separate  much  less  perfectly,  and 
frequently  a  mixture  of  the  two  is  obtained.  Owing  to  the  presence 
of  iron  a  portion  of  the  zinc  is  reduced  from  the  blende,  sulphide  of 
iron  being  formed,  and  the  free  zinc  volatilising,  bums  and  increases 
the  production  of  furnace  fume.  According  to  Plattner,^  oxide  and 
silicate  of  iron  should  decompose  blende,  the  zinc  oxide  produced 
going  into  the  slag,  but  this  reaction  appears  only  to  take  place 
incompletely. 

As  oxide  of  zinc  is  more  easily  slagged  off  than  the  sulphide,  the 
latter  must,  as  far  as  possible,  be  converted  into  the  former  during 
the  roasting. 

Zinc  oxide  alone  forms  an  infusible  silicate  with  silica,  though  it 
is  easily  taken  up  by  basic  ferrous  silicate  slags  and,  provided  that 
the  percentage  of  zinc  is  not  too  great,  the  resulting  slag  still  remains 
suflSciently  fluid  to  separate  easily  from  the  lead  and,  matte.  With 
large  percentages  of  zinc  oxide,  the  slag  becomes  thick  and 
mechanically  encloses  some  of  the  lead  and  lead  matte.  To  a  certain 
extent  the  ferrous  oxide  in  the  slag  may  be  replaced  by  lime  or 
baryta.  A  not  inconsiderable  proportion  of  the  zinc  oxide  does  not 
pass  into  the  slag,  but  is  reduced  in  the  hottest  part  of  the  furnace 
to  metallic  zinc.  This  is  volatilised  and  oxidised  in  the  upper  por- 
tions of  the  furnace  by  water  vapour  and  carbon  dioxide,  and  the 
oxide  is  partly  deposited  in  the  cooler  parts  of  the  furnace,  forming 
the  so-called  furnace  accretions  {Pfcnhrtbch),  the  furnace  becoming 
so  choked  up  in  a  comparatively  short  time  that  it  has  to  be  blown 
out.  The  zinc  which  is  not  deposited  as  Ofenbrttch  or  furnace  calamine 
escapes  with  the  waste  gases  carrying  lead  and  silver  along  with  it. 

In  consequence  of  these  various  ways  in  which  zinc  would  inter- 
fere with  the  smelting  operations  it  must  be  got  rid  of  as  far  as 
possible  before  the  ores  are  smelted.  If  it  is  not  possible  to  effect 
this   by  proper    dressing   operations,  it   must    be   separated   from 

*  Berg-  und  HiUtenm.  Ztg.  1854,  p.  81. 
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the  roasted  ore.  This  can  be  done  by  converting  the  zinc  into 
sulphate  and  lixiviating,  either  roasting  the  ore  and  then  dissolving 
out  the  neutral  sulphate  with  water  and  the  basic  sulphate  and  the 
oxide  with  sulphuric  acid,  or  roasting  it  completely  to  oxide  and 
dissolving  this  with  sulphuric  acid  or  other  solvents,  or  else  the  zinc 
may  be  reduced  and  volatilised  with  a  portion  of  the  lead,  as  in  the 
Bartlett  process. 

Compounds  of  arsenic,  when  present  in  large  amounts,  give  rise  to 
the  formation  of  a  speiss  during  the  smelting,  containing  copper,  silver, 
and  some  lead,  in  addition  to  arsenic,  these  metals  being  extractible 
only  with  diflSculty,  and  then  incompletely  from  the  speiss.  Part  of 
the  arsenic  is  also  volatilised  in  the  smelting,  carrying  with  it  lead 
and  silver,  and  it  is  therefore  necessary  to  eliminate  arsenic  as  com- 
pletely as  possible  during  the  roasting  stage.  Small  quantities  of 
arsenic  also  find  their  way  into  the  lead  produced. 

Antimony  has  less  tendency  to  give  rise  to  the  formation  of  a 
speiss  than  it  has  to  alloy  with  the  lead  which  mixes  with  it  in  all 
proportions.  In  the  smelting  it  is  partially  volatilised,  carrying  with 
it  both  lead  and  silver.  Unless  it  is  specially  desired  to  produce  an 
antimonial  lead,  it  should  be  got  rid  of  as  far  as  possible  in  the 
roasting,  as  even  in  small  quantities  it  acts  injuriously  upon  the 
softness  of  the  metal  produced. 

Copper,  provided  there  is  not  any  sulphur  present  during  the 
smelting  process  for  it  to  combine  with,  finds  its  way  into  the  lead, 
from  which  it  has  to  be  separated  by  a  special  process  of  purification. 
If  it  is  present  in  the  ores  in  quantity  sufficient  to  make  it  worth 
while,  the  process  is  modified,  the  ore  being  submitted  to  a  less 
thorough  roasting  and  a  part  of  the  sulphur  being  retained,  so  that  in 
the  smelting,  a  regulus  is  formed  containing  the  copper,  together  with 
some  silver  sulphide,  if  the  latter  be  present,  as  well  as  other  metallic 
sulphides. 

From  this  regulus  the  lead  and  copper  are  obtained  by  a  special 
roasting  and  smelting  process,  the  silver  passing  partly  into  the 
copper,  partly  into  the  lead. 

The  roasting  and  reduction  process  yields  a  less  pure  lead  than 
the  air-reduction  method,  because  portions  of  the  oxides  of  foreign 
metals  are  reduced,  and  the  reduced  metals  alloy  with  the  lead. 

The  Roasting  of  the  Ores 

The  ores  are  roasted  either  in  the  state  of  lumps  or  of  powder, 
lump  roasting,  which  was  formerly  the  chief  method,  being  now  only 
resorted  to  under  special  circumstances. 
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In  roasting  a  pulverulent  mixture  of  galena  with  copper  pyrites, 
zinc  blende,  quai-tz,  spathic  iron  ore,  and  gangue,  which  usually  forms 
the  raw  material  for  the  roasting  and  reduction  method,  the  sulphur  of 
the  sulphides  forms  sulphur  dioxide  as  soon  as  the  requisite  tempera- 
ture is  attained,  and  the  metals  are  oxidised.  A  portion  of  the 
sulphur  dioxide  is  converted  into  sulphuric  acid,  forming  sulphates 
with  the  metallic  oxides.  As  the  temperature  increases  the  sulphates 
of  iron,  copper,  a  part  of  the  zinc  sulphate,  and  finally  the  silver  sul- 
phate are  decomposed  one  after  the  other.  Zinc  sulphate  gives  up  only 
part  of  its  sulphuric  acid,  forming  basic  sulphate,  which  is  only  com- 
pletely decomposed  into  zinc  oxide,  sulphur  dioxide,  and  oxygen  at 
a  white  heat.  Sulphates  of  iron  and  copper  yield  oxides  on  heating, 
whilst  silver  sulphate  splits  up  into  silver,  sulphur  dioxide,  and 
oxygen.  Lead  sulphate  remains  unchanged,  as  it  only  parts  with  its 
sulphuric  acid  at  a  temperature  about  the  melting  point  of  iron. 
Antimony  and  arsenic  compounds  lose  a  portion  of  their  antimony 
and  arsenic  in  the  form  of  arsenious  and  antimonious  acids,  but  a 
larger  part  remains  in  the  form  of  arseniates  and  antimoniates  which 
are  not  furthur  decomposed.  Spathic  ironstone  is  converted  into 
magnetic  oxide,  calcium  carbonate  partly  into  calcium  sulphate, 
whilst  heavy  spar  is  not  altered. 

The  lead  sulphate  which  is  produced  in  roasting  is,  except  in 
certain  special  circumstances,  converted  into  silicate  at  the  conclusion 
of  the  roasting  operation.  This  is  effected  by  adding  quartz,  if  it 
is  not  already  present  in  the  ore,  when,  by  raising  the  temperature 
until  the  mass  melts,  the  silica  drives  off  the  sulphur  trioxide  of  the 
sulphate,  leaving  lead  silicate  behind.  If  calcite  be  present  in  the 
ore,  or  calcium  or  barium  sulphates  in  the  roasted  material,  calcium 
and  barium  silicates  will  be  formed,  whilst  the  presence  of  spathic 
ironstone  or  of  magnetic  iron  oxide,  formed  in  roasting,  would  give 
rise  to  the  production  of  ferrous  silicate.  By  this  combined  roasting 
and  melting,  known  as  Schlackenrostung,  a  fused  mixture  of  oxides 
and  silicates  is  obtained.  If  zinc  blende  be  present  in  the  ores,  it  is 
advisable  to  add  oxides  of  iron  in  some  form,  since  these  form  a 
slag  with  zinc  oxide  and  lead  oxide. 

If  the  ores  contain  much  copper,  sufficient  sulphur  is  allowed  to 
remain  in  the  roasted  material  to  combine  with  it  when  in  the  blast 
furnace.  In  this  case  the  conversion  of  lead  sulphate  into  silicate 
and  the  melting  of  the  ore  at  the  end  of  the  roasting  operation  are 
omitted,  the  roasted  mass  being  only  just  sintered  together  so  as 
to  avoid  the  inconvenience  of  smelting  pulverulent  ore  in  the  blast 
furnace.     In   the   same  way  with  ores  with  a  high  percentage  of 
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silver,  loss  of  silver  through  volatilisation  is  avoided  by  not  fusing 
the  mass  at  the  conclusion  of  the  roasting,  it  being  only  sintered 
together,  or  in  rarer  cases  allowed  to  remain  in  the  pulverulent 
form.  In  the  pulverulent  form,  portions  of  the  ore  are  easily  carried 
away  mechanically  by  the  furnace  gases,  and  as  just  mentioned, 
pulverulent  ore  is  more  difficult  to  smelt  in  the  blast  furnace  than 
lump  ore.  The  two  methods  are  called  respectively  Sinterrostung, 
when  the  charge  is  fritted  together,  or  Stavibrdstung,  when  it  is 
allowed  to  remain  in  the  pulverulent  state. 

The  Schlackenrosiung  and  the  Sinterrostung  are  carried  out  in 
reverberatory  furnaces,  whilst  the  Stauhvatung  can  be  conducted 
either  in  reverberatory  furnaces,  shaft  furnaces,  or  in  muffle  furnaces. 
In  roasting  lead  ores  in  the  lump  form,  neither  the  lead  sulphate  nor 
the  sulphide  can  be  completely  decomposed,  so  that  the  roasted  mass 
will  always  contain  some  undecomposed  sulphide  and  sulphate,  in 
addition  to  the  oxides  of  the  metals  present.  This  method  of  roasting 
is  employed  with  ores  comparatively  poor  in  lead  but  rich  in  pyrites, 
as  well  as  with  ores  rich  in  pyrites  and  zinc  blende.  The  roasting  is 
performed  in  heaps,  in  stalls,  and  in  shaft  furnaces. 

APPLIANCES   FOR  THE   ROASTING  OF   THE  ORE 

The  roasting  of  the  ore  is  carried  out  in  heaps  or  stalls,  and  in 
shaft  furnaces,  reverberatory,  muffle,  and  rotating  cylinder  furnaces, 
though  the  operation  is  best  effected  in  reverberatory  furnaces. 

The  employment  of  reverberatory  furnaces  enables  the  galena  to 
be  roasted  both  quickly  and  completely,  and  the  lead  sulphate  to  be 
converted  into  silicate,  which,  as  previously  mentioned,  is  effected 
by  melting  the  roasting  charge.  The  tall  chimney  which  can  also 
be  used  in  connection  with  it  serves  to  render  the  escaping  gases 
less  harmful.  It  has  the  disadvantage  that  the  waste  gases,  being 
mixed  with  the  products  of  combustion  and  diluted  with  nitrogen 
from  the  air,  cannot  be  employed  for  the  production  of  sulphuric 
acid.  This  drawback  is,  however,  only  felt  when  the  ores  are  rich 
in  pyrites,  as  the  gases  given  off  in  roasting  galena  alone,  even  when 
special  arrangements  may  be  adopted,  are  too  poor  in  sulphur 
dioxide  to  be  used  for  sulphuric  acid  making.  Pyritic  lead  ores  are 
accordingly  treated  in  shaft  furnaces,  and  the  evolved  sulphur 
dioxide  thus  made  available  for  the  manufacture  of  the  acid. 

The  advantages  and  disadvantages  of  heap  and  stall  roasting 
have  already  been  considered  in  connection  with  the  roasting  of 
copper  ores  (pages  28  ct  seq,).     These  methods  are  only  occasionally 
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employed  with  lead  ores,  when,  for  instance,  pyritic  ores,  or  ores 
containing  blende,  poor  in  lead,  are  to  be  roasted,  or  for  the  purpose 
of  completing  the  roasting  of  ores  which  have  already  been  treated 
as  lumps  in  shaft  furnaces.  Lead  ores  containing  copper  pyrites  or 
fehl-ore,  which  only  require  to  be  partially  roasted,  used  also  to  be 
treated  by  this  method. 

On  account  of  the  disadvantages  attending  it,  such  as  the  length 
of  time  required,  the  incomplete  separation  of  the  sulphur,  and  the 
annoyance  caused  in  the  neighbourhood  by  the  waste  gases,  it  has 
been  superseded  by  the  reverberatory  furnace  method,  and  is  now 
only  employed  for  roasting  poor  ores,  where  the  furnace  process 
would  be  too  costly,  or  for  the  final  roasting  of  ores,  which  have  been 
previously  treated  in  shaft  furnaces. 

Shaft  furnaces  are  only  employed  for  roasting  when  the  galena  is 
associated  with  so  much  iron  pyrites,  or  copper  pyrites  and  zinc 
blende  also,  that  the  gases  from  the  roasting  can  advantageously  be 
employed  in  the  production  of  sulphuric  acid.  The  roasting  of 
galena  in  these  furnaces  is,  nevertheless,  incomplete,  and  it  is 
necessary  to  finish  the  roasting  in  the  case  of  lump  ores  by  an 
after  roasting  in  heaps,  or,  when  the  ore  is  in  a  fine  state  of  division, 
in  reverberatory  furnaces. 

Pyritic  lead  ores  which,  on  account  of  their  being  easily  sintered, 
cannot  be  treated  in  shaft  furnaces,  are  quite  exceptionally  roasted 
in  muffle  furnaces,  the  evolved  gases  being  used  for  the  production 
of  sulphuric  acid.  The  production  of  lead  silicate  by  the  reaction 
with  silica  cannot  be  carried  out  in  such  furnaces. 

Boasting  in  Heaps, 

Only  lump  ores  can  be  roasted  in  heaps.  Finely  divided  ores 
can  to  a  certain  extent  be  used  as  a  cover ;  if  they  must  be  roasted 
in  large  quantities  by  this  method,  it  is  necessary  to  previously 
agglomerate  them  by  an  admixture  of  lime  or  ferrous  sulphate 
liquors. 

The  object  of  roasting  is  not  usually  attained  by  a  single  opera- 
tion, the  process  having  usually  to  be  repeated  several  times. 

Heap  roasting  is  employed  with  advantage  at  the  Herzog  Julius- 
hutte,  near  Astfeld,  and  at  the  Frau  Sophienhlitte,  near  Langelsheim, 
in  the  Lower  Harz.  At  these  places  poor  lead  ores,  containing 
pyrites,  zinc  blende  and  heavy  spar,  the  roasting  of  which  in  rever- 
beratory furnaces  would  be  too  costly,  are  roasted  three  times  in 
heaps.     The  zinc  sulphide  is  converted  as  far  as  possible  into  neutral 
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zinc  sulphate,  which  is  extracted  from  the  roasted  mass  with  water, 
basic  zinc  sulphate  being  only  soluble  in  acids.     During  the  first 
roasting  a  portion  also  of  the  sulphur  of  the  pyrites  is  recovered. 
The  ores  have  the  following  composition : — 

Galena 9     to  12       per  cent. 

Zinc  blende 27*5  „  30 

Copper  pyrites 1      „     1  '69 

Iron  pyrites 11      ,,16 

Gangue 44      ,,47 


II 
>» 


The  gangue  consists  principally  of  barium  sulphate  (heavy  spar). 
The  average  content  of  metal  and  sulphur  in  the  ores  in  recent 
years  may  be  taken  as  follows  : — 

Sulphur .    .    .    .  16         to  18  percent. 

Silver O-QIl  „     0015  „ 

Copper 0*45    ,,     0*55  ,, 

Lead 9*98    „  105  „ 

Zinc 18         „  19-5 

Iron 5         ,,7  d 

The  ores  are  subjected  to  three  roastings.  The  smalls  produced 
in  the  various  roastings  are  rich  in  zinc  sulphate,  and  are  therefore 
extracted  with  water  to  dissolve  out  the  neutral  salt  before  being 
smelted.  The  liquors  are  allowed  to  crystallise,  and  are  also  worked 
up  for  calcined  zinc  sulphate. 

The  foundation  for  the  heap  consists  of  a  bed,  1  foot  thick,  of 
well-rammed  clay,  upon  which  a  layer  of  small  roasted  ore  is  spread 
to  a  depth  of  4  inches.  The  heaps  contain  from  300  to  500  tons  of 
ore.  The  ore  is  piled  on  a  quadrangular  bed,  composed  of  cord-wood 
and  brushwood  36  to  40  feet  long  on  each  side,  channels  being  left 
for  the  access  of  air. 

The  largest  pieces  of  ore  which  constitute  the  greater  portion  of 
the  heap  are  first  placed  in  position,  then  follow  pieces  of  the  size  of 
the  fist,  then  pieces  as  large  as  eggs,  and  then  ore  of  the  size  of  peas 
or  hazel  nuts,  and  lastly,  if  present,  finely  granular  ore.  The  entire 
heap  is  covered  with  the  fine  roasted  ore  or  smalls  obtained  by  sifting 
the  product  from  the  first  roasting,  and  has  the  appearance  of  a  trun- 
cated pyramid  of  square  horizontal  section  having  a  length  of  side  at 
the  base  of  36  to  40  feet,  and  at  the  top  of  12  feet  6  inches. 

The  shape  of  the  heap  and  the  arrangement  of  the  bed  will  be 
gathered  from  the  Figs.  309  and  310,  where  r  is  the  bed  and  D 
the  cover.  The  semicircular  depressions  v  in  the  top  of  the  cover, 
serve  to  collect  the  sulphur  arising  from  the  decomposition  of 
iron  pyrites. 
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When  the  heap  is  ready  it  is  ignited  on  the  windward  side.  In 
this  way  tho  air,  which  is  only  admitted  at  the  foot  through  the 
channels  left  in  the  bed,  is  deprived  of  most  of  its  oxygen  in 
the  lower  portions  of  the  heap,  and  the  hot  gases  given  off  from 
the  top  consist  chiefly  of  nitrogen  and  sulphur  dioxide.  These  hot 
gases  cause  a  decomposition  of  the  pyrites  in  the  upper  portioDs, 
part  of  the  sulphur  of  the  same  being  driven  off,  and  condensing  in 
the  hquid  state  on  the  upper  surface  of  the  heap.     This  is  collected 


in  the  semicircular  depressions  v,  which  arc  formed  by  means  of  a 
leaden  block  and  are  lined  with  pyritic  slimes  or  ore  smalls;  from 
these  it  is  ladled  out  from  time  to  time.  The  first  portions  of 
sulphur  collect  in  14  days  from  the  time  of  lighting  the  heap. 

The  first  roasting  lasts  6  to  7  months.  Then  follow  second  and 
thiid  roastings  in  stalls  provided  with  roofs.  By  employing  this 
method  of  roasting,  the  dissolving  away  of  zinc  sulphate,  or  the 
extinction  of  the  heap  (which  is  now  poor  in  sulphur)  by  rain,  is 
avoided.  The  heaps  have  a  square  horizontal  section,  and  contain 
over  500  tons  of  ore.     Partial  covering  of  smalls  from  the  second  and 
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third  roastings  has  recently  been  tried.  This  covering  reaches  about 
two-thirds  way  up  the  heap.  The  heap  is  not  covered  for  the  third 
roasting. 

After  the  first  firing  the  lumps  are  separated  from  the  smalls  by 
sieving,  and  broken  up  in  order  to  expose  fresh  surfaces  in  the  next 
firing.  The  small  ore  is  partly  used  as  a  cover  for  fresh  heaps,  and 
part  of  it  is  lixiviated.  The  same  operations  are  gone  through  after 
the  second  or  third  roastings.  The  second  roasting  lasts  6  to  8 
weeks,  the  third  a  month  to  6  weeks.  The  smalls  produced  in 
the  different  roastings  contain  large  quantities  of  neutral  zinc 
sulphate.  Those  portions  not  employed  as  a  covering  in  the  first 
roastings  are  deprived  of  their  zinc  sulphate  by  extracting  with 
water.  The  residue  is  dried  in  reverberatory  furnaces  and  then 
smelted  in  shaft  furnaces,  together  with  the  lump  ore  from  the  third 
roasting,  which  now  contains  only  4  to  5  per  cent,  of  sulphur. 

The  following  is  an  analysis  of  the  roasted  smalls  : — 

Silver 0*015  per  cent. 

Cupric  oxide 1-34 

Lead  oxide 14  44 

Zinc  oxide 1912 

Ferric  oxide 2295 

Sulphuric  anhydride 15* 

Sulphur 0* 

Insoluble  residue 1708 

Alkaline  earths,  carbon  dioxide,  water,  traces  of  manganese.  8*505 

An  analysis  of  the  roasted  lump  ore  gave  : — 

Silver 0013  per  cent. 

Cupric  oxide 0*93  ,, 

Lead  oxide      10  02  „ 

Zinc  oxide 2814 

Ferric  oxide 1364 

Sulphuric  anhydride 16*62 

Sulphur 017 

Heavy  spar 24*66 

Earthy  matter 5*807 

The  lixiviation  of  the  roasted  smalls  is  effected  in  cylindrical 
drums  placed  horizontally,  and  mechanically  rotated,  the  sides  being 
made  of  wrought  iron  and  the  ends  of  cast  iron ;  they  are  4  feet 
long  and  3  feet  in  diameter,  and  hold  1  to  IJ  tons  of  ore.  The 
extraction  from  the  first  two  roastings  is  repeated  four  times,  using  for 
the  first  lixiviation  the  weak  liquors  from  the  previous  operation  and 
finishing  with  hot  water.  The  smalls  from  the  third  firing  contain 
much  basic  zinc  sulphate,  hence  sulphuric  acid  is  added  to  the  leach- 
ing liquor  at  the  Sophien  works.     At  the  Julius  works,  these  smalls 


1  * 
11 


428  METALLURGY 

are  firat  soaked  with  sulphuric  acid  (20**  B.)  in  lead  vats,  and  then 
extracted  with  hot  water. 

By  this  treatment  the  basic  zinc  sulphate  and  part  of  the  zinc 
oxide  are  brought  into  solution.  The  first  liquor  at  40°  B.  is  mixed 
with  the  second  at  20°  B.,  the  density  of  the  mixture  being  30°  B., 
and  this  is  then  heated  in  pans  of  sheet  lead  resting  on  a  cast-iron 
plate  to  80°  or  90°  C.  for  24  hours  and  allowed  to  stand  for  4  to  6  days. 
By  this  means  (the  process  is  known  as  Schieren)  the  iron  is  sepa< 
rated  out  as  a  basic  salt,  and  gypsum  and  other  difficultly  soluble 
bodies  are  precipitated.  The  liquor  is  now  concentrated  up  to  50°  B. 
in  boiling  pans,  and  then  cooled  in  pans,  in  which  the  zinc  sulphate 
crystallises  in  the  course  of  5  or  6  days.  For  the  complete  roasting 
of  100  tons  of  ore  490  cubic  feet  of  cord  wood  and  212  faggots  of 
brushwood  are  used. 

Roasting  in  stalls,  like  heap  roasting,  is  only  occasionally  resorted 
to ;  like  the  latter  it  can  be  employed  for  the  final  roasting  of  lump 
ore  which  has  undergone  a  preliminary  roasting  in  shaft  furnaces. 

The  Wellner  stall  without  roasting-bed  employed  at  Freiberg  has 
already  been  described  on  p.  45. 

At  Fahlun,  galena  mixed  with  copper  and  iron  pyrites  and  con- 
taining 6  to  10  per  cent,  of  lead  was  roasted  in  quantities  of  78  tons  in 
ordinary  stalls  13  to  16  feet  long,  9  to  12  feet  broad,  and  3  to  6  feet 
high,  3  to  4  weeks  being  required.  Coal  was  mixed  with  it  to  decom- 
pose the  zinc  sulphate,  and  the  78  tons  of  ore  required  300  cubic  feet 
of  wood. 

Roasting  in  Shaft  Furnaces 

Shaft  furnaces  are  only  employed  for  roasting  purposes  in  the 
case  of  pyritic  galena  or  galena  containing  pyrites  and  zinc  blende, 
when  the  gases  are  to  be  used  for  making  sulphuric  acid  or  must 
be  rendered  harmless.  The  ores  must  not  be  too  rich  in  lead,  other- 
wise partial  fusion  is  apt  to  occur. 

If  the  ore  is  in  lumps,  kilns  are  employed.  Pyrites  burners  are 
less  serviceable  for  this  purpose,  because,  on  account  of  their  lesser 
height,  the  layer  of  ore  is  not  sufficiently  deep  to  secure  a  high  enoujj^h 
temperature  for  complete  roasting. 

Ores  in  the  state  of  powder  are  roasted  in  dust  furnaces 
{Schilttofen),  shelf  furnaces  not  being  employed  for  lead  ores. 

The  roasting  of  the  ores  in  shaft  furnaces,  though  consuming  very 
little  fuel  as  the  temperature  is  maintained  by  the  burning  of  the 
sulphur,  involves  a  large  expenditure  for  labour,  and  suffers  especially 
from  the  disadvantage  of  not  being  able  to  effect  a  thorough  roasting, 
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the  operatiou  having  consequently  to  be  followed  by  a  second  roasting 
in  heaps  or  stalls,  or  in  reverberatory  furnaces  for  the  small  ore. 
Pyritic  ores  are  roasted  in  kilns  at  Oker  and  at  Freiberg. 

At  Oker  the  so-called  "mixed  "  ores,  containing  11  per  cent,  galena, 
15  per  cent,  copper  pyrites,  28  per  cent,  zinc  blende,  25  per  cent,  iron 
pyrites,14per  cent.heavyspar,  and  7  per  cent,  of  gangue  arefirst broken 
into  pieces  fh)m  2  to  2  J  inches  square  by  a  stone-breaker,  and  then 
roasted  in  kilns  until  the  sulphur  content  reaches  10  to  12  per  cent. 
The  construction  of  the  kilns  has  already  been  described  on  page  54. 
Each  kiln  roasts  1*8  to  2  tons  of  ore  in  24  hours.  The  roasted 
ores  undergo  a  second  roasting,  in  heaps  of  150  to  200  tons,  the 
sulphur  content  being  thereby  reduced  to  6  or  7  per  cent.  The  first 
roasting  occupies  4,  and  the  second  3  weeks. 

At  Freiberg,  pyritic  lead  ores  are  also  roasted  in  kilns,  the  con- 
struction being  shown  on  page  53.  One  and  a  half  tons  of  ore  are 
treated  in  24  hours.  The  roasted  ores  mixed  with  others  are  again 
roasted  in  reverberatory  furnaces. 

At  Freiberg,  finely  divided  ore  is  roasted  in  the  Gerstenhofer 
furnace.  The  Gerstenhofer  furnace  has  been  described  and  illustrated 
on  page  57.  Ores  containing  over  20  per  cent,  of  lead  are  difficult 
to  roast  in  dust  furnaces  on  account  of  their  readily  sintering 
together. 

At  Freiberg,  ores  containing  18  per  cent,  of  galena,  60  per  cent. 
of  pyrites,  and  22  per  cent,  of  gangue  are  first  roasted  in  Gerstenhofer 
furnaces  12  feet  high,  4  feet  6  inches  wide  and  deep,  having  15  row^s 
of  fireclay  bearers  placed  alternately  six  and  seven  in  each  row.  In 
these  the  sulphur  is  reduced  to  6  or  7  per  cent.,  and  then  a  further 
roasting  in  reverberatory  furnaces  follows,  unroasted  ore  being  mixed 
with  half  as  much  roasted  ore  in  order  to  avoid  sintering.  Each 
furnace  roasts  1*2  tons  of  ore  in  24  hours. 

At  Oker,  a  form  of  muffle  furnace  (the  Hasenclever  furnace 
described  on  page  107)  is  used  for  roasting  pulverulent  ore  of  the 
composition  given  above. 

Bodsting  in  Revei^heratory  Furnaces. 

The  furnaces  employed  are  ordinary  reverberatory  furnaces, 
externally-fired  shaft  furnaces  not  being  used  for  roasting  lead  ores. 
The  Stetefeldt  shaft  furnace,  which  has  proved  to  be  excellent  for 
the  chloridising  roasting  of  silver  ores,  is  of  little  service  in  the 
oxidising  roasting  of  lead  ores,  because  the  time  occupied  by  the  ore 
in  falling  through  the  furnace  is  too  short  to  effect  a  thorough 
oxidation. 
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Reverberator}'  furnaces  with  stationary  hearths  are  preferable 
to  those  in  which  the  hearth  is  kept  in  motion.  The  latter  are  only 
used  for  dust  roasting,  and  have  to  be  worked  in  connection  with 
stationary  furnaces  when  it  is  necessary  to  sinter  or  fuse  the  charge. 
They  are  seldom  used,  and  only  in  places  where  the  price  of  labour  is 
excessive ;  in  England  they  have  been  abandoned  as  unsuccessful. 

The  reverberatory  furnaces  used  for  roasting  are  connected  with 
dust  chambers  for  collecting  the  fume  and  the  dust  which  is  carried 
over  mechanically.  These  are  of  special  importance  where  the 
roasting  charge  is  fused  at  the  end  of  the  operation,  a^,  in  consequence 
of  the  high  temperature  prevailing  near  the  firebridge,  volatilisation 
of  the  lead,  which  is  formed  by  the  interaction  of  oxide,  sulphate,  and 
sulphide,  readily  takes  place. 

Reverberatory  furnaces  with  fixed  hearths  are  of  two  kinds, 
those  which  are  worked  by  hand  and  those  worked  by  machinery.  The 
latter  are  only  occasionally  used  where  the  price  of  labour  is  high,  as 
in  the  United  States  and  Australia,  and  have  to  be  worked  in  connec- 
tion with  a  reverberatory  melting  furnace  when  it  is  necessary  to 
sinter  or  fuse  the  charge. 

Furnaces  worked  by  hand  may  also  be  divided  into  two  classes : 
in  the  one  worked  discontinuously  the  ore  is  charged  in  all  at  once, 
and  the  whole  of  this  charge  is  withdrawn  at  the  conclusion  of  the 
roasting ;  in  the  other  (the  long-bedded  calciner  or  Fort schauf dungs 
furnace)  the  work  is  carried  on  continuously.  In  the  latter  form  of 
furnace,  which  has  a  very  long  hearth,«the  ore  is  first  charged  in  at 
the  coolest  end  (nearest  the  flue)  and  is  moved  along  at  intervals,  so 
that  by  the  time  it  reaches  the  firebridge  end  the  roasting  is  com- 
plete. This  form  of  furnace  is  the  one  which  is  most  in  use ;  and  as 
the  older  form  is  rapidly  going  out  of  use,  on  account  of  its  excessive 
expenditure  in  fuel  and  wages,  it  will  not  be  further  considered. 

As  in  the  roasting  of  copper  ores,  so  in  roasting  lead  ores,  the 
Fortschaiifelungs  furnace  usually  used  has  a  single  long  hearth,  and 
working  doors  in  each  of  the  long  sides.  Furnaces  with  two  hearths 
one  above  the  other  are  only  used  when  it  is  absolutely  necessary  to 
economise  floor  space,  as  the  upper  hearth  is  awkward  to  work,  the 
roasting  in  it  is  incomplete,  and  repairs  to  either  hearth  necessitate 
the  stoppage  of  the  entire  furnace. 

If  the  roasted  mass  has  to  be  melted  together  at  the  conclu- 
sion of  the  roasting  {Schlackenrostung),  either  a  shallow  depression 
or  well  is  formed  in  the  end  of  the  bed  nearest  the  firebridge,  or 
else  the  level  bed  of  the  furnace  at  that  end  is  placed  in  com- 
munication with  a  reverberatory  melting-furnace  by  a  perpendicular 
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or  inclined  channel,  the  hot  gases  from  this  furnace  passing  over  the 
hearth  of  the  roasting  furnace  and  out  by  the  flue  at  the  end.  In 
Europe  the  well  or  sump  at  the  firebridge  end  is  used,  whilst  in 
America  and  in  most  of  the  smelting  works  of  the  West  a  special 
melting  furnace  is  attached  to  the  roasting  furnace.  This  latter 
arrangement,  first  introduced  in  Colorado,  has  an  advantage  over  the 
former,  in  that  it  allows  of  the  charge  being  kept  in  a  pulverulent  con- 
dition over  the  whole  length  of  the  hearth,  so  that  it  can  be  easily 
stirred  up  and  a  thorough  roasting  ensured,  the  rise  of  temperature 
requisite  for  fusion  only  taking  place  rapidly  on  the  hearth  of  the 
melting  furnace.  In  furnaces  provided  with  a  well,  the  charge 
which  is  on  its  way  to  that  end  of  the  furnace  begins  to  soften  and 
become  pasty  when  it  reaches  the  third  or  fourth  working  opening 
from  the  well,  consequently  thorough  mixing  of  the  mass  and  com- 
plete roasting  are  rendered  impossible.  In  order  to  avoid  this  the  heat 
is  concentrated  on  the  well  as  far  as  possible,  and  the  mass  just  in 
fi-ont  of  it  agglomerated  and  then  melted  down.  The  molten  charge 
is  tapped  out  of  the  sump  or  run  out  of  the  melting  furnace ;  it 
is  only  drawn  out  through  the  working  doors  when  it  is  in  a  viscous 
condition. 

The  ore  is  usually  charged  into  the  furnace  through  an  opening 
in  the  roof 

The  length  of  the  hearth  including  the  well,  but  exclusive  of  the 
melting  furnace,  varies,  according  to  the  amount  of  sulphur  in  the 
ore,  from  40  to  64  feet.  With  rich  non-pyritic  ores  a  length  of  40  to 
43  feet  is  sufiicient,  whilst  with  poor  ores  rich  in  pyrites  it  is 
extended  to  60  to  64  feet,  the  pyrites  furnishing  some  of  the 
necessary  heat.  A  greater  length  than  this  is  useless,  only 
increasing  the  first  cost  and  the  working  expenses  without  a  corre- 
sponding improvement  in  the  roasting. 

The  hearth  is  made  as  broad  as  possible,  as  thereby  .the  capacity 
of  the  furnace  is  increased,  but  it  must  not  be  made  so  broad  as  to 
interfere  with  proper  working  of  the  charge.  It  should  not  be  less 
than  10  feet  nor  more  than  16,  the  inside  measurement  in  the  United 
States  furnaces  being  from  13  feet  9  inches  to  16  feet. 

The  height  of  the  roof  of  the  working  chamber  is  usually  16  to  24 
inches,  and,  in  order  to  better  utilise  the  heat,  the  roof  is  often  made 
to  slope  slightly  down  to  the  end  nearest  the  flue,  or  in  some  cases 
the  hearth  itself  rises  somewhat  towards  the  flue-bridge,  either 
uniformly  or  in  3  or  4  steps  of  3  inches  in  height.  The  hearth 
bottom  is  made  of  common  brick,  except  in  the  neighbourhood  of 
the  firebridge,  where  firebrick  is  used,  the  well  for  the  reception  of 
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the  fused  material  and  the  hearth  of  the  melting  furnace  being  also 
best  made  of  firebrick.  As  the  fitraaoe  is  cooled  by  the  working 
doors  on  each  of  its  long  sides,  these  should  be  as  few  as  possible 
They  must   be  spaced  so  as  to  allow  of  the  charge  being  moved 


readily,  the  distance  between  adjoining  openings  being  not  less  than 
6  feet  nor  more  than  8  feet.  The  brickwork  between  the  working  rfix"* 
should  project  into  the  furnace  as  little  as  possible,  and  the  working 
openings  themselves  are  provided  with  doors  of  cast  or  sheet  iron. 
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The  amount   of  ore   which   can  be   roasted   in   a   long-bedded 
calciner  in  24  hours  depends  upon  the  character  of  the  substances 
mixed  with  the  ore,  the  size   of  the   furnace,  and  the  manner  of 
roasting — ^whether  the  product  is  to  be  obtained  in  the  pulverulent, 
sintered,  or  melted  condition.     Pyritic  ores  are  more  quickly  roasted 
than  those  containing  blende.     The  amount  varies  from  4  to  15  tons 
in  24  hours,  and  the  consumption  of  fuel  from  15  to  30  per  cent,  of 
the  weight  of  the  ore  (25  per  cent,  on  the  average),  depending  upon 
the  character  of  the  coal  employed  and  the  manner  of  roasting.  From 
two  to  six  workmen  are  required  for  one  furnace,  this  number  being 
dependent  upon  the  nature  of  the  ore  and  the  form  in  which  the  pro- 
duct is  to  be  obtained ;  if  in  a  pulverulent  form  the  number  required 
is  smaller  than  if  the  charge  is  to  be  melted.     A  furnace  of  average 
size   working  on   good    ores    needs    the 
labour  of  three  men  in  an  eight  hours* 
shift. 

The  percentage  of  lead  in  the  ores 
treated  in  the  roasting  furnace  varies 
within  wide  limits.  In  Europe  it  is  fairly 
high,  seldom  amounting  to  less  than  50  pio.  sis. 

per  cent.,  whilst  in  America  argentiferous 

lead  ores  with  less  than  9  per  cent,  of  lead  are  worked,  the  lead  in 
this  case  serving  as  a  solvent  for  the  silver  in  the  silver  ore. 

The  construction  of  a  long-bedded  furnace,  in  use  at  Przibram  in 
Bohemia,  with  flat  bottom  and  without  a  well  in  front  of  the  fire- 
bridge, is  shown  in  Figs.  311  to  313. 

E  is  the  heating  chamber,  F  the  fireplace,  /  the  hollow  water-  or 
air-cooled  firebridge,  H  the  hearth,  47  feet  6  inches  long  and  8  feet 
broad.  The  ore  is  introduced  in  charges  of  1  ton  through  an  opening 
a  which  can  be  closed  at  will,  situated  in  the  roof  of  the  furnace  near 
the  flue-bridge,  and  is  then  gradually  worked  along  towards  the  fire- 
bridge. Arriving  there,  it  can  be  withdrawn  through  the  two  last 
working-doors  or  can  be  raked  through  the  perpendicular  openings  d 
in  the  hearth  ordinarily  closed  by  bricks  ;  m  m  are  the  working  doors. 
The  hot  gases  from  the  fire  pass  along  the  entire  length  of  the  work- 
ing space,  and  after  leaving  it  by  the  flue  z,  pass  along  the  top 
of  the  furnace  through  the  flues  6,  I  to  the  passage  c  leading  into 
the  stack. 

As  soon  as  a  roasted  charge  is  withdrawn  from  the  furnace  (1  ton 
every  6   hours)    the   charges    which   are   lying  in   front    of   each 
working  door  are  each  in  turn  moved  a  step  nearer  to  the  firebridge 
and  a  fresh  charge  introduced  at  the  other  end  of  the  furnace. 
VOL,  I  F  F 
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In  a  furnace  of  this  kind  seven  separate  lots  of  ore  of  1  ton  each 
are  undergoing  roasting  at  one  time,  the  ore  containing  51  to  58  per 
cent,  of  galena,  8  to  11  per  cent,  of  zinc  blende,  and  12  to  14  per  cent, 
of  silica,  and  the  roasted  mass  only  1  per  cent,  of  sulphur.  Every 
6  hours  one  lot  (of  1  ton)  is  withdrawn,  so  that  4  tons  of  ore  are 
worked  in  24  hours.  A  mixture  of  lignite  and  ordinary  coal  is  used 
as  fuel,  and  the  consumption  varies  from  35  to  38  per  cent,  of  the 
weight  of  the  ore  roasted. 

Figs.  314  to  316  illustrate  a  form  of  furnace  with  a  well  in 
front  of  the  firebridge  in  use  at  the  Mulden  works  at  Freiberg. 

A  is  the  heating  space,  /  the  hollow  air-cooled  firebridge,  H  the 
hearth,  42  feet  6  inches  long  and  10  feet  8  inches  broad,  which  re^ts 
on  cast-iron  plates  in  order  to  prevent  any  of  the  molten  roasted 
charge  from  trickling  through.  The  grate  is  divided  by  means  of  a 
hollow  air-cooled  wall  'p  into  two  portions,  each  being  fired  indepen- 
dently of  the  other.  The  air  enters  the  hollow  wall  jo  at  w  and  passes 
through  openings  in  it  partly  over  and  partly  behind  the  firebridge ; 
z,  2,  z  are  working  doors,  of  which  there  are  ten  on  each  of  the 
two  long  sides  of  the  furnace.  S  is  the  well,  and  y  the  door 
through  which  the  viscid  roasted  mass  is  drawn  out  into  iron 
wagons.  The  hot  gases  from  the  furnace  pass  through  the  flue  M  on 
their  way  to  the  system  of  condensing  flues,  and  thence  into  the 
stack.  The  charge  is  introduced  into  the  furnace  through  the 
opening  x  in  the  roof. 

This  furnace  usually  holds  five  charges  at  one  time,  each 
weighing  \\  tons.  The  charge  consists  of  a  mixture  of  various  kinds 
of  ore  which  have  undergone  a  previous  roasting  in  shaft  furnaces 
— lead  ores  proper,  silver  and  copper  ores,  pyritic  ores,  and  those 
containing  blende.  On  an  average  the  mass  to  be  roasted  contains 
20  to  30  per  cent,  of  lead,  20  per  cent,  of  sulphur,  not  more  than  10 
per  cent,  of  zinc,  and  20  to  25  per  cent,  of  silica.  Every  three  hours 
a  charge  is  withdrawn  from  the  furnace,  so  that  12  tons  of  ore  are 
roasted  in  24  hours,  the  sulphur  content  of  the  roasted  ore  being 
3  to  4  per  cent.  This  amount  of  sulphur  must  be  left  in  on  account 
of  the  copper  present  with  which  it  has  to  combine  in  the  smelting 
process.  The  coal  used  amounts  to  25  per  cent,  of  the  weight  of  the 
charge,  and  six  workmen  are  required  for  each  furnace. 

At  SilberhUtte,  near  Alexisbad,  the  roasting  and  fusion  are 
carried  out  in  a  furnace  the  hearth  of  which  is  32*2  feet  long  and 
9*4  feet  wide.  The  height  from  the  bed  to  the  arch  is  21  inches. 
The  ore  is  mixed  with  10  per  cent,  of  sand  to  decompose  the  lead 
sulphate,  and  forms  a  layer  2  inches  deep.     In  24  hours,  7  to  8  tons 


of  ore  are  worked  oEF,  20  to  25  per  cent,  of  brown  coal  briquettes 
being  used.  In  each  shift,  two  workmen  are  employed  on  each  side 
of  the  furnace  and  one  to  chaise  the  ore. 


Reverberatory  furnaces  with  two  hearths  placed  one  over  the 
other  are  used  at  Mechemich  (Rhenish  Prussia).  The  hearths  are 
each  48  feet  9  inches  long  and  13  feet  broad,  and  there  are  working 
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doors  on  each  of  the  long  sides  of  the  furnace.  One  furnace 
roasts  9  tons  of  ore  containing  50  to  60  per  cent,  of  lead  and  about 
20  per  cent,  of  silica  every  24  hours,  15  per  cent,  by  weight  of  coal 
being  used. 

Figs.  317  to  322  show  the  arrangement  of  a  roasting  furnace,  to 
which  is  attached  a  special  furnace  for  melting  the  charge,  such  as  is 
employed  in  the  Western  States  in  America.  The  hearth  (exclusive 
of  the  melting  hearth)  is  60  feet  long  and  13  feet  9  inches  broad. 
The  fireplace  is  placed  at  the  end  of  the  melting  furnace.  The 
flames  pass  first  over  the  melting  hearth  and  then  ascend  through  a 
perpendicular  slot  at  the  end  into  the  roasting  furnace,  passing  along 
its  entire  length,  and  then  through  the  flue  into  the  dust  chambers 


Side  Eleoaton 


Elevation  of 
bacit  end  of  furnace 


Fias.  817—822. 
MwMiMiom  in  MUlimdre*. 


and  away  to  the  stack.  The  hearth  bottom  is  divided  into  four 
terraces  rising  towards  the  flue  end,  each  division  being  30  inches 
higher  than  the  one  below  it.  The  furnace  roof  is  composed  of 
common  brick,  except  the  portion  over  the  last  division  of  the  hearth, 
which  is  of  fire-brick.  The  bed  of  the  melting  furnace  is  made 
of  fire-brick,  quartz  linings  not  having  proved  successful,  and  it  is 
supported  on  two  masonry  arches,  which  allow  the  air  to  cool  it 
underneath.  The  charge  is  introduced  through  a  hole  in  the  furnace 
roof  close  to  the  flue-bridge.  The  molten  mass  is  drawn  out  of  the 
furnace  into  slag  pots  and  is  broken  up  after  cooling. 

Such  a  furnace  will  roast  and  melt  six  to  eight  charges  of 
ore,  each  weighing  1  to  IJ  tons,  in  24  hours  (6  to  12  tons  in  all), 
with  a  consumption  of  25  to  30  per  cent,  of  coal.     Three  men  are 
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required,  one  to  attend  to  the  firing  and  the  melting  furnace,  the 
other  two  working  the  roasting  furnace. 

At  the  time  of  the  author's  visit  to  the  Omaha  and  Grant 
Smelting  Works,  at  Denver,  Colorado,  U.S.A.,  a  furnace  of  this  kind 
was  roasting  and  melting  11  tons  of  ore  in  24  hours,  the  ores  con- 
taining 14  per  cent,  of  lead  with  60  to  75  ounces  of  silver  per  ton,  7 
to  10  per  cent,  of  zinc,  30  to  40  per  cent,  of  iron,  and  30  per  cent,  of 
silica.  The  product  contained  8  per  cent,  of  sulphur ;  3  tons  of  coal 
were  used,  and  the  labour  of  three  men  was  required. 

The  working  of  the  roasting  furnace  is  conducted  as  follows : — The 
ore  is  spread  on  the  hearth  in  a  layer  about  2  inches  thick,  and  as 
soon  as  it  attains  a  dull  red  heat  it  is  stirred  from  time  to  time, 
so  as  to  expose  every  portion  of  it  to  the  action  of  the  air.  When 
one  of  the  charges  corresponding  to  J  to  1 J  tons  of  ore  is  drawn  out 
of  the  furnace,  all  the  other  charges  are  turned  and  raked  over  and 
moved  along  towards  the  firebridge,  the  one  vacant  space  thus  left  at 
the  end  of  the  furnace  receiving  a  fresh  charge  of  ore.  The  drawing 
of  the  finished  charge  and  the  introduction  of  the  fresh  one  take  place 
at  intervals  of  from  2^  to  6  hours,  the  time  depending  on  the  nature  of 
the  ores,  pyritic  ores  roasting  more  quickly  than  ores  containing 
blende. 

During  their  passage  from  the  flue-bridge  to  the  firebridge  the 
charges  are  subjected  to  a  gradually  increasing  temperature.  If  it  is 
deflirable  to  melt  the  charge,  and  the  furnace  has  not  a  melting  fur- 
nace in  connection  with  it,  the  charge,  as  it  arrives  at  the  fire- 
bridge, is  heaped  up  in  the  well  and  there  melted  down.  If  there 
is  a  melting  furnace,  then  the  charge  lying  on  the  hottest  part  of  the 
hearth  is  pushed  down  on  to  the  hearth  of  the  former  and  there 
melted,  some  quartzose  ore  being  usually  first  sprinkled  on  the  hearth 
in  order  to  protect  it.  As  soon  as  the  surface  begins  to  show  signs  of 
fusion  the  whole  mass  must  be  stirred  up  so  as  to  expose  the  bottom 
portions ;  the  stirring  need  only  take  place  at  first  at  half-hourly 
intervals,  but  after  a  time  the  mass  must  be  stirred  every  five  or  ten 
minutes.  As  soon  as  the  charge  is  melted  it  is  drawn  out  into  slag 
pots  or  other  forms  of  iron  vessel. 

When  the  roasted  charge  is  to  be  melted,  additions  of  iron  oxide 
or  iron  refinery  slags  are  often  made  which  render  the  mass  easily 
fusible,  and  facilitate  the  subsequent  smelting  in  the  blast  furnace. 
In  those  cases  where  the  charge  is  only  to  be  sintered  together 
■(^Sinterrdsteri)  or  to  be  left  in  a  pulverulent  state  (Statch-osten),  the 
temperature  of  the  furnace  at  the  firebridge  end  is  kept  correspond- 
ingly lower. 


438 


METALLURGY 


The  output  of  the  various  forms  of  reverberatory  roasting  furnace 
varies  from  4  to  15  tons  in  the  24  hours,  the  amount  depending  on 
the  materials  present  in  the  ore,  the  manner  of  roasting,  the  number 
of  workmen,  and  the  character  of  the  fuel. 

The  essential  constituents  of  various  ores  after  they  have  beeil 
subjected  to  slagging-roasting  and  sinter-roasting  are  shown  in  the 
following  table : — 


Cunstituents. 

Ore  after  slagging-roasting 
{Schlaekti\r6*tung). 

Ore  after  siuter-ruasting 
(SinteiTOttunff), 

• 

Freiberg. 

Mechemich. 

Rodna             HaU  Valley 
(Transylvaiiia).       (Culomdo). 

1 
Pb       

62-08 

54-27 

0061 

0-0001 

0-02 

0-03 

0  027 
2406 

0-87 
0-23 

PbO 

Ag 

Au 

Cu 

CiiaO 

CuO 

Ab 

22 
013 

03 

11 

33  3 

16 

1-8 
2-0 
0-5 

17-4 

014 

0-08 
0-56 

4-24 

118 

22-77 

42-04 
AgsO=0-21 

1-71 

AsaOj 

Sb 

Fe 

^^ 

FeO 

3-59 

FeA 

Zn 

ZnO 

AloO, 

811 

AAiaj'^S 

CaO 

1  MgO 

,  BaO 

SiOo 

—  '          0-42 

—  12-05 

U-80                 22-71 

'CO, 

(SO, . 

! 

traces                  — 
3-6          1          0-60 

2-26          1         6-31 

!  s '. . ; : 

2-72          1         2-W 

'  0 

1 

13-41 

— 

The  composition  of  various  flue-dusts  is  given  (in  percentages) 

as  follows : — 

I. 


Pb. 


As. 


Zn. 


FeoOa. 


SiOa. 


S()«. 


S. 


16-27— 2(5-27  7*56— 46-41 1  0*45— lO'lO 


1.63—4-36  I   2-53—8-00  ,  7-95-28*14 


3-40— 3-75 


H^. 


l-4«-8-^ 


IL 


PbO.       Sb-jOj.     A.S.2O3.      ZnO.       FeaOa.      MnO.      112804. 

2-08         7-20 


C. 


Insoluble. 


45-50         1-25  1-06 


1-14     !    23-28  2-5 

I 


14-20 


Ag. 
(0«8.  per  ton.)i 


46-06 
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III. 


Pb. 


Cu. 


Zu 


Fe.      I    Si02. 


12tJ0 -18-70 ,     2-70 


6-6-8  I     18  8 


16-1 


8. 


Ag.  I  Au. 

,(Ozs.  per  ton.)  (Oze.  per  ton.) 


I- 


8-2— S-6        87-70— 46-60 


0-16-0-26 


In  these  tables,  I.  is  quoted  from  Hering,^  II.  represents  the  flue- 
dust  from  Frzibram  according  to  Mann,^  and  III.  the  flue-dust  from 
the  Globe  Works  at  Denver  according  to  Iles.^ 

As  examples  of  roasting  furnaces  with  a  fixed  working  chamber, 
but  in  which  the  stirring  and  moving  of  the  charge  is  efiected  with 
the  aid  of  machinery,  may  be  mentioned  the  furnaces  of  O'Harra, 
Ropp,  Pearce,  Brown,  Keller,  Gaylord  and  Cole,  and  Wethey.  These 
have  already  been  described  under  copper.  The  Brown-O'Harra 
furnace  (vide  p.  78)  is  in  use  at  the  works  of  the  Pueblo  Smelting  and 
Refining  Co.,  Pueblo,  Colorado,  for  roasting  pyritic  lead  ores  contain- 
ing 10  per  cent,  of  silica  and  20  per  cent,  of  lead.  The  hearth  is 
90  feet  long  and  11  feet  3  inches  wide;  the  furnace  is  fired  with  oil 
residues.  The  ore  is  conveyed  from  the  lower  hearth  by  rabbles 
to  a  hopper  placed  over  a  circular  sinter  hearth  12  feet  in 
diameter.  On  leaving  the  roasting  hearth  the  sulphur  has  been 
reduced  to  6  per  cent.,  and  when  drawn  from  the  sinter  hearth  to 
3  per  cent.  The  ore  passes  through  the  roasting  furnace  in  from 
8  to  10  hours,  and  the  quantity  put  through  in  24  hours  is  35  tons. 
The  fuel  consumption  is  large.* 

The  Ropp  furnace  (p.  88)  is  used  in  the  United  States  and 
Australia.  Some  working  details  are  given  for  ores  with  the  per- 
centage composition :  ^ — 


Bi02. 

18-30 


Fe. 
20—30 


C«. 
0—6 


Pb. 
0—20 


s. 
20—30 


Zn. 
0—10 


Length  of  hearth 

Width  of  hearth 

Tons  in  24  hours 

Horse-power  required 

Tons  of  coal  per  ton  of  ore V© — i^i 


Furnace  I. 
100' 
14' 
35—50 


5 


Furnace  II. 
150' 
14' 
45—70 
6—8 

tV — i't 


The  furnace  erected  by  Terhune  in  1896  at  the  Hanauer  Works, 
Salt  Lake  City,  has  4  grates  and  6  rabbles,  each  with  a  velocity  of 
80  feet  a  minute.  The  length  is  1295  feet,  the  width  145  feet ;  25 
to  40  tons  of  ore  are  put  through  in  24  hours.     Ores  containing  (per 

*  Die  VerdicfUung  des  HiUtenmuches,  Stuttgart,  1888,  p.  34. 
2  Oesterr,  Jahrbuch,  1890,  p.  15. 

»  Hofman,  The  Metallurgy  of  Lead,  1899. 

*  Hofinan,  op.  cit,  p.  190.  *  Hofman,  op,  cif,  p.  175. 
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cent.)  SiOg  10,  S  3942,  Fe  31-52,  Pb  92,  Zn  423,  are  worked  oflF  at 
the  rate  of  3918  tons  in  24  hours,  the  sulphur  being  reduced  to  6*37 
per  cent.  Further  reductions  of  sulphur  to  5"75  and  51  per  cent, 
correspond  to  the  working  off  of  33"75  tons  and  30  tons  respectively 
in  24  hours.  Ores  with  26*10  per  cent,  of  lead  have  been  calcined 
down  to  5*4  per  cent,  of  sulphur  without  sintering.  The  cost  of 
working  per  ton  of  ore  is  0*237  to  0*379  dollar,  as  against  1*26 
dollars  for  hand-worked  furnaces.  The  cost  of  fuel  is  16*60  dollars 
per  10*839  tons  of  ore,^  as  against  26*10  dollars  for  hand-worked 
furnaces. 

For  the  Pearce  furnace  (p.  92)  and  the  Brown  horseshoe  furnace 
(p.  98)  the  following  data  are  given  :  ^ — 


Furnace. 


Pearce 


Brown 


Hearth. 


1 

Ratio 

1 

of 

Width.    Area. 

hearth 

to 

Feet.    8q.  ft. 

grate. 

Ores. 


Character. 


605 


f    Mixed 
\  sulphide 


I  28-8  W   Galena 
J    to   W      and 


I 


blende 


Composition. 


/'SiOg  18•80^ 
Fe  .  20-801 
Pb  .  0-20  } 
Zn  .    0*8    I 

1,8     .    6-80  j 


W8  .  0  25\ 
}  {  Zn  .  8-0  } 
M  Pb  .  15-0    I 


Coal  con- 
sumed. 


Ore 
remains 

in 
furnace. 

Hours. 


Ore 

roasted 

per  sq.  ft. 

health 

area. 


/  888  lbs.  ^ 
I  per  ton  > 
i,  of  ore  h 


16  7. 


4—5 


12— M    ,  47-6  lbs. 


Ore 

roasted 

in  24 

hours. , 


Tons. 


-16 


25 


The  furnaces  of  Keller-Gaylord-Cole  and  of  Wethey  (vide  pp.  86, 
89)  have  not  yet  been  used  for  roasting  lead  ores. 


Eeverheratory  Furnaces  with  Movable  heartlis  {Rotating  Cylinders) 

These  are  only  rarely  used,  and  only  when  the  roasted  ores  are 
to  be  turned  out  in  the  pulverulent  state,  the  sintering  or  melting 
of  the  charge  having  to  be  performed  in  a  special  melting  furnace. 
Whilst  the  roasting  of  ores  which  do  not  sinter  can  be  readily  con- 
ducted in  such  furnaces  at  uniform  temperatures,  ores  which  sinter 
can  only  be  roasted  up  to  a  certain  point  and  not  completely. 

With  ores  which  roast  slowly  (those  containing  blende)  a  repeti- 
tion of  the  roasting  in  one  of  the  furnaces  previously  mention^  is 
necessary.  The  combination  of  a  melting  furnace  with  a  furnace  of 
this  description  has  in  most  cases  proved  unsatisfactory.' 

*  The  Mineral  IndvMry,  1899,  p.  458. 

*  Hofman,  op.  cil,  pp.  180-185. 
»  Tram.  A.I.M.E.  x.  p.  42. 
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Bruckner  s  cylindrical  calciner  (see  p.  103),  in  which  the  roasting 
can  be  better  controlled  owing  to  its  intermittent  working,  has  proved 
better  adapted  for  roasting  ores  which  do  not  sinter  than  the  con- 
tinuously working  calciners  of  White,  Howell,  Hocking,  and  Oxland 
(see  p.  105). 

For  roasting  lead  ores  in  Utah,  Brlickner  proposed  an  arrange- 
ment of  several  cylinders  one  over  the  other  with  a  melting  furnace 
placed  in  connection  with  the  lowest  ^ ;  this  system,  however,  has 
not  yet  been  carried  out. 

At  Spezzia,  a  Bruckner  furnace  is  said  to  be  used  in  conjunction 
with  a  melting  furnace  for  roasting  lead  ores.  Gas  firing  is  employed, 
and  the  air  for  burning  the  gas  is  heated ;  by  periodically  reversing 
the  gas  current  a  uniform  temperature  can  be  maintained. 
One  disadvantage  of  the  Brlickner  furnace  is  the  large  amount 
of  flue  dust  formed ;  in  some  cases  this  dust  is  5  per  cent,  of  the 
weight  of  ore. 

The  following  table  gives  some  of  the  leading  facts  about  the 
work  done  by  the  furnace  - : — 

Length  of  cylinder 18'  22'  20' 

Diameter  of  cylinder 7'              7'  6' 

No.  of  revolutions  per  hour 2 — 3  2 — 3  1 J 

Tons  in  24  hours 6                7  H 

Per  cent,  sulphur  in  roasted  ore     ....  3 — 7  3 — 7  3 — 4 

Pounds  of  coal  per  ton  of  ore 360  360  240 

Horse-power  required 2 — 3  2 — 3  3 

No.  of  men  in  12-hour  shift ^                ^  | 

The  composition  of  the  mixed  sulphide  ores  used  is  : — 

SiOj.  Fe.  Zn.  Pb.  S.  (Obs.  per  ton.) 

2'2:-6  9-3— 28-7  6—15-5  14-8—43  5  26—32-2         9—29-4 

In  Utah  '  (Salt  Lake  Valley)  ores  with  10*32  per  cent,  of  lead 
are  roasted  in  furnaces  26*5  feet  long, and  85  feet  in  diameter.  One 
rotation  is  made  in  40  minutes  and  the  quantity  of  ore  put  through 
in  from  36  to  48  hours  is  from  17  to  72  tons  according  to  the  lead 
content. 

For  rich  lead  ores,  the  reverberatory  furnace  with  a  fixed  working 
chamber  is  in  all  cases  to  be  preferred  to  the  rotating  cylinder.  The 
use  of  the  latter  is  limited  to  those  cases  where  the  ores  are  poor  in 
lead,  not  easily  sintered,  and  mixed  with  blende  or  pyrites,  and  where 
labour  is  costly. 

^  Sng.  and  Mining  Journal,  Jan.  15,  1887. 

*  Hofman,  op,  cit,  p.  203. 

3  The  Mineral  Iiiduistry,  1899,  p.  458, 
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The  Conversion  of  Lead  Stdphide  into  Lead  Oxide  by  the  Method  of 

Huntington  and  Hcherlein. 

This  method  has  been  perfected  in  Pertusola  near  Spezzia  in 
Italy,  and  is  carried  out  there  with  great  success.^  It  consists  in 
roasting  the  galena  in  reverberatories  with  quicklime,  and  in  follow- 
ing up  this  roasting  by  treatment  with  an  air  blast  in  pear-shaped 
converters.  In  the  first  reaction,  the  mechanism  of  which  has  not 
yet  been  cleared  up,  a  certain  quantity  of  lead  sulphide  passes  over 
into  lead  sulphate  ;  in  the  second  operation  lead  oxide  is  formed  by 
the  action  of  sulphate  on  sulphide  in  presence  of  excess  of  air. 

To  carry  out  the  process,  6  to  15  parts  by  weight  of  quicklime 
are  mixed  with  100  parts  by  weight  of  ore,  and  the  mixture  heated 
in  a  reverberatory  furnace  with  free  access  of  air  to  TOO**.  The 
temperature  is  then  reduced  to  500° ;  it  must  not  sink  below  450". 
The  roasting  is  performed  so  that  at  least  5  per  cent,  of  the  sulphur 
remains  in  the  mass.  Under  these  conditions,  the  greater  part  of 
the  lead  is  converted  into  sulphate,  and  only  a  small  amount  of 
oxide  is  formed  ;  furthermore,  there  is  no  reduction  to  metallic  lead 
and  no  lead  is  lost  by  volatilisation.  (Without  the  quicklime  the 
ratio  of  oxide  to  sulphate  formed  is  as  4  to  3,  some  metallic  lead  is 
produced,  and  a  certain  loss  by  volatilisation  takes  place.) 

The  formation  of  such  large  quantities  of  lead  sulphate  in 
presence  of  quicklime  is  not  yet  thoroughly  understood.  It  is 
supposed  to  be  due  to  the  catalytic  action  of  the  lime,  with 
possibly  the  formation  of  a  higher  oxide  of  calcium,  thus : — 


or 


4Ca02 + PbS  =  PbSO^ + 4CaO 
4CaO,0  +  PbS  =  PbSO, + 4CaO. 


Further  investigation  is  needed  to  decide  whether,  or  to  what 
extent,  this  hypothesis  is  justifiable. 

In  the  second  part  of  the  process,  the  hot  pulverulent  roasted 
mass  is  brought  into  iron  converters  of  pear  shape,  and  air  is  blown 
through  under  a  pressure  of  08  to  12  inches  of  mercury.  The 
temperature  rises  owing  to  the  oxidation  of  part  of  the  sulphur,  the 
mass  becomes  viscous,  and  the  sulphide  and  sulphate  interact  to  form 
oxide  of  lead  and  sulphur  dioxide.     Thus  : — 

PbS  +  SPbSO^  =  4PbO + 4SO2 
PbS  +  PbS04+  20  =  2PbO  +  2SO2. 

*  Revuita  del  Servizio  Minerario  nd  1898,  p.  122,  Roma,  1899. 
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The  greater  part  of  the  lime  is  converted  into  calcium  sulphate. 
As  soon  as  the  reaction  is  over,  the  mass  becomes  hard ;  and  the 
products  consist  of  lead  oxide  mixed  with  calcium  sulphate  and 
gangue. 

The  smelting  of  the  desulphurised  ore  can  be  done  much  more 
cheaply  when  this  new  method  is  adopted.  At  Pertusola,  a  shaft 
furnace  working  upon  ore  which  has  been  desulphurised  in  this  way, 
turns  out  as  much  as  3  or  4  furnaces  fed  with  ore  roasted  by  the  old 
methods.  The  output  of  lead  and  silver  is  also  stated  to  be  greater, 
Avhilst  the  cost  for  fuel,  repairs,  and  labour  works  out  50  per  cent, 
lower  than  in  the  old  processes. 

This  method  is  being  tried  at  a  number  of  works  at  home  and 
abroad.  Should  it  succeed,  it  is  likely  to  supplant  the  present 
methods  of  roasting  and  reduction.  Working  details,  however,  are 
not  yet  forthcoming. 

The  Smelting  of  the  Roasted  Ores  in  Shaft  Furnaces 

(Eeduciionmrbeit) 

Roasted  lead  ores  which  have  been  completely  calcined  in  rever- 
beratory  furnaces  and  then  melted  up  with  silica  (Schlackenrostung) 
contain  their  lead  as  oxide  and  silicate.  If  the  roasting  which 
precedes  the  melting  has  been  incomplete,  as  is  the  case  for  instance 
when  there  is  a  suflBcient  amount  of  copper  present  to  make  its 
extraction  profitable,  unaltered  lead  sulphide  will  also  be  present. 
In  all  other  methods  of  roasting,  except  that  of  Huntington  and 
Heberlein,  the  roasted  ores  contain  lead  sulphate  as  well  as  oxide 
and  unaltered  sulphide. 

The  foreign  substances  present  in  the  roasted  ores  are  usually 
oxides,  sulphates  and  sulphides  of  iron,  zinc,  copper  and  compounds 
of  arsenic  and  antimony,  especially  arseniates  and  antimoniates, 
quartz,  silicates,  lime,  magnesia,  and  barium  and  calcium  sulphates. 

These  roasted  ores  are  smelted  in  shaft  furnaces  with  car- 
bonaceous fuel,  and  with  ferruginous  materials  and  other  suitable 
fluxes,  in  order  to  obtain  the  lead  in  the  metallic  state,  to  convert 
the  copper,  if  present  in  sufficient  quantity,  into  a  regulus  or  matte, 
to  collect  any  silver  or  gold  present  in  the  lead  produced  (partly  in 
the  matte),  and  to  volatilise  or  to  slag  off*  the  other  bodies. 

The  lead  is  reduced  from  the  compounds  which  are  present  in 
the  following  ways :  Such  lead  oxide  as  is  present  in  a  porous  con- 
dition is  reduced  to  metal  by  the  carbon  monoxide  already  in  the 
upper  regions  of  the  furnace  ;   if  the  mass  is  sintered  or  melted 
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together  the  carbon  monoxide  is  unable  to  penetrate  to  the  interior, 
and  in  such  cases  the  reduction  of  the  oxide  is  effected  by  contact 
with  the  hot  solid  carbon  in  the  lower  portions  of  the  furnace. 

Carbon  monoxide  alone  cannot  reduce  lead  silicate,  and  basic  lead 
silicates  only  yield  a  portion  of  their  lead,  being  converted  into  diffi- 
cultly fusible  acid  silicates  or  mixtures  of  free  silica  and  lead  silicate. 
Lead  which  is  present  as  silicate  is  accordingly  set  free  by  the  com- 
bined action  of  ferrous  oxide  and  carbon,  the  ferrous  oxide  convert- 
ing the  lead  into  oxide,  and  being  itself  converted  into  silicate,  and 
the  oxide  thus  produced  being  then  reduced  by  the  carbon.  The 
requisite  ferrous  oxide  is  either  formed  in  the  furnace  by  the  reduc- 
tion of  ferric  oxide  by  carbon  monoxide,  or  is  added  as  a  ferruginous 
slag  containing  excess  of  ferrous  oxide,  or  else  it  is  produced  from 
ferrous  silicates  by  the  action  of  lime.  The  reduction  of  the  lead  is 
accordingly  effected  either  by  ferric  oxide  and  carbon,  or  by  carbon 
and  slags  containing  ferrous  oxide  in  excess,  or  by  a  ferrous  slag, 
lime  and  carbon,  the  lime  being  added  to  the  charge  in  the  form  of 
limestone.  Lead  is  only  reduced  from  its  silicate  by  carbon  and 
lime  alone,  without  ferrous  silicate,  at  a  very  high  temperature. 

Lead  is  also  reduced  from  the  silicate  in  small  quantities  in  the 
hottest  portions  of  the  furnace  by  metallic  iron  produced  by  the 
reduction  of  the  ferruginous  material  added,  the  iron  forming  ferrous 
silicate. 

Possibly  also  sulphides  of  iron,  barium,  and  calcium  reduce  some 
of  the  lead  silicate  in  the  hotter  regions  of  the  furnace  forming  sul- 
phur dioxide  and  silicates  of  the  metals.  Sulphide  of  iron  may  be 
present  owing  to  imperfect  roasting  of  the  ore,  or  may  be  produced 
by  the  reduction  of  galena  by  metallic  iron,  or  by  the  action  of  galenar 
on  basic  iron  silicate  in  presence  of  carbon  thus  : — 

Pe.SiOe + 2PbS  -h  2C  =  Fe^SiO^ + 2FeS  +  2Pb + 2C0. 

whilst  calcium  and  barium  sulphides  are  formed  by  the  reduction  of 
their  sulphates  by  carbon. 

The  lead  sulphide  present  in  the  charge  owing  to  imperfect  roast- 
ing, or  formed  in  the  furnace  by  the  reduction  of  lead  sulphate,  is 
mainly  reduced  to  metal  in  the  hotter  parts  of  the  furnace,  either  by 
metallic  iron  formed  by  the  reduction  of  ferric  or  ferrous  oxides  by 
carbon,  or  by  basic  iron  silicates  and  carbon,  iron  sulphide  being  pro- 
duced at  the  same  time.  The  iron  sulphide  finds  its  way  into  the 
lead  matte  (Bleistein), 

A  certain  quantity  of  lead  is  also   produced  when  the  charge 
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becotnes  pasty  by  the  interaction  of  oxide  and  sulphate,  which  have 
escaped  reduction,  with  unaltered  lead  sulphide. 

Lime  and  carbon  are  also  able  to  partially  reduce  lead  sulphide 
in  the  lower  portions  of  the  furnace  according  to  the  equation  (after 
Berthier) : — 

2PbS  +  CaO  +  C  =  Pb  +  PbS-CaS  +  CO. 

Lastly,  zinc  vapour,  formed  by  the  reducing  action  of  carbon  upon 
zinc  oxide  contained  in  the  charge,  is  able  to  decompose  lead  sulphide 
producing  metallic  lead  and  zinc  sulphide  (Percy  and  Smith).  The 
reason  for  the  addition  of  ferruginous  materipils  and  carbon  to  the 
charge  will  be  clear  from  a  consideration  of  the  above  reactions. 

Lead  sulphate  is  decomposed  in  various  ways  in  the  furnace.  The 
greater  part  of  it  is  reduced  by  carbon  to  sulphide  in  the  lower 
portions  of  the  furnace,  this  sulphide  being  subsequently  reduced  to 
metal  in  one  of  the  ways  mentioned.  Another  portion  reacts  with 
lead  sulphide  as  soon  as  the  charge  becomes  pasty,  producing  lead 
and  sulphur  dioxide,  and  a  third  portion  may  form  lead  silicate  in 
presence  of  free  silica  or  acid  silicates,  this  being  in  turn  reduced  as 
previously  shown. 

Ferruginous  and  carbonaceous  materials  are  accordingly  necessary 
for  the  production  of  the  metal  from  its  sulphate. 

Amongst  the  other  substances  contained  in  the  roasted  ores  the 
oxide  of  iron  is,  as  already  mentioned,  reduced  by  carbon  to  ferrous 
oxide  which  combines  with  silica,  a  portion,  however,  being  reduced 
to  metallic  iron,  which  is  required  for  the  decomposition  of  lead 
sulphide  and  the  separation  of  the  lead  contained  in  it. 

Sulphates  of  iron  are  decomposed  in  the  furnace  into  oxides  of 
iron  and  sulphur  trioxide,  or  sulphur  dioxide  and  oxygen,  ferric  oxide 
thus  set  free  being  reduced  to  the  ferrous  state  and  then  passing  into 
the  slag. 

Ferrous  sulphide  partly  reacts  with  lead  silicate  in  the  manner 
previously  mentioned,  and  is  partly  dissolved  by  the  slag.  If  present 
in  larger  proportions  it  combines  with  a  portion  of  the  still  undecom- 
posed  sulphide  of  lead,  forming  a  lead  matte,  or  if  copper  sulphide  is 
present,  a  cupriferous  matte  or  regulus. 

The  behaviour  of  zinc  oxide  and  sulphide  in  the  smelting  process 
and  the  injurious  effects  of  these  substances  have  already  been 
considered  on  page  420. 

Zinc  oxide  is  dissolved  by  highly  ferruginous  slags,  this  being  the 
more  easily  effected  the  richer  the  slags  are  in  iron.  As  the  reduc- 
tion of  zinc  oxide  to  zinc  is  undesirable  owing  to  the  injurious  action 
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of  the  zinc  vapour  on  the  process  (except  in  those  cases  where  white 
pigments  are  prepared  from  the  flue  dust)  the  zinc  is  as  far  as  possible 
induced  to  pass  into  the  slag  by  keeping  the  furnace  temperature 
fairly  low  and  having  a  highly  ferruginous  easily  fusible  slag.  As 
before  mentioned,  zinc  vapour  is  partially  oxidised  by  carbon  dioxide 
and  water  vapour,  and  gives  rise  to  deposits  of  furnace  calamine 
on  the  sides  of  the  furnace.  A  portion  of  the  zinc  may  also  be  con- 
verted by  carbon  and  sulphur  dioxide  into  zinc  sulphide,  which  is 
also  deposited  in  the  solid  state  on  the  furnace  walls. 

Any  zinc  sulphide  which  may  be  present  in  the  charge  behaves 
much  more  deleteriously  than  the  oxide,  as  it  is  only  taken  up  by 
the  slag  in  small  quantities,  rendering  the  latter  very  thickly  fluid. 
If  a  regulus  or  matte  is  being  produced,  a  portion  of  the  sulphide 
finds  its  way  into  that  and  renders  it  also  diflScultly  fusible.  In 
many  cases  the  presence  of  zinc  sulphides  renders  the  separation  of 
the  regulus  from  the  slag  impossible,  a  mixture  of  the  two  being 
obtained,  known  in  Sweden  as  skumnas.  Only  a  small  proportion  of 
the  zinc  sulphide  is  decomposed  in  the  hottest  portions  of  the  furnace 
by  iron,  with  formation  of  iron  sulphide  and  zinc  vapour. 

Zinc  sulphate  is  partly  decomposed  into  oxide  and  sulphur  trioxide, 
and  partly  reduced  to  sulphide. 

Cuprous  and  cupric  oxide  are  reduced  to  metal  which  then  com- 
bines with  sulphur,  and  together  with  iron  and  lead  sulphides  forms 
the  regulus  or  matte.  If  the  matte  is  only  produced  in  small  quanti- 
ties it  is  absorbed  by  the  slag,  whilst  in  larger  quantities  it  separates 
out  from  it.  If  there  is  no  sulphur  for  the  copper  to  combine  with, 
it  finds  its  way  partly  into  the  lead  and  partly  goes  into  the  slag. 
Copper  sulphide,  present  as  such  in  the  roasted  ore,  combines  with 
iron  and  lead  sulphides,  and  also  with  a  part  of  the  zinc  sulphide  to 
form  a  regulus.  Copper  sulphate  is  partly  reduced  to  sulphide  and 
partly  decomposed  into  oxide  and  sulphur  trioxide. 

Arseniates  are  partially  reduced  to  metallic  arsenic,  losing  also  a 
portion  of  their  arsenic  by  volatilisation.  To  a  certain  extent  the 
arsenic  goes  into  the  slag  and  into  the  regulus,  whilst  if  present  in 
large  amounts  it  gives  rise  to  the  formation  of  a  speiss,  carrying  with 
it  part  of  the  lead  and  silver,  the  chief  metal  in  the  speiss  being, 
however,  iron.  Small  quantities  of  arsenic  will  also  be  taken  up  by 
the  lead. 

Antimoniates  are  partially  reduced  to  metallic  antimony,  whilst 
a  portion  of  the  metal  is  volatilised.  The  antimony  alloys  with 
the  lead,  but  can  also !  contribute   to  the  formation  of  a   speiss  if 
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copper  be  present,  or  mix  with  the  arsenical  speiss  if  one  be  formed. 
Antimony  sulphide  is  decomposed  by  metallic  iron,  ferrous  sulphide 
being  produced,  the  separated  antimony  alloying  with  the  lead. 

Any  gold  or  silver  present  in  the  roasted  ores  is  taken  up  by 
the  lead.  In  cases  where  a  regulus  or  a  speiss  is  formed,  a  portion 
of  the  precious  metals  would  also  be  found  in  them. 

Any  manganese  oxide  present  is  reduced  to  manganous  oxide 
and  goes  into  the  slag.  The  latter  is  rendered  very  fusible  by  the 
manganous  silicate,  but  may  thereby  lose  its  power  of  absorbing  zinc 
oxide,  magnesia,  and  barium  sulphide.^ 

Lime  goes  into  the  slag  and  is  able  to  replace  part  of  the  ferrous 
oxide  in  it,  so  that  an  addition  of  lime  (in  the  form  of  limestone)  to 
the  charge  permits  of  the  employment  of  a  smaller  quantity  of 
ferruginous  material.  The  proportion  of  lime  added,  however,  must 
not  be  excessive ;  for  although  it  lessens  the  specific  gravity  of  the 
slag,  yet  it  renders  the  latter  less  fusible  abd  thus  necessitates 
the  employment  of  an  increased  amount  of  fuel.  The  greater  the 
proportion  of  lime  replaced  by  iron  in  the  slag  the  better  the 
working  of  the  furnace. 

When  the  charge  does  not  contain  any  zinc,  the  percentage  of  lime 
present  in  the  slag  must  not  exceed  30  per  cent.,  whereas,  if  zinc 
be  present,  the  amount  of  lime  must  be  kept  as  small  as  possible,  as 
the  more  iron  the  slag  contains  the  more  easily  it  will  take  up  the 
zinc  compounds. 

With  high  percentages  of  lime  (28  per  cent.)  in  the  slag  it 
practically  ceases  to  absorb  zinc.  In  American  practice,^  if  the 
charge  contains  9  or  10  percent,  of  zinc, it  is  not  considered  advisable 
to  have  more  that  16  per  cent,  of  lime  in  the  slag. 

Magnesia  passes  into  the  slag  in  the  same  manner  as  lime.  It 
renders  the  slag  very  refractory,  and  any  considerable  percentage  is 
to  be  avoided  if  zinc  be  also  present,  so  small  a  quantity  as  5  per 
cent,  interfering  with  the  successful  working  of  the  furnace.' 

Fluor  spar  is  very  fusible,  and  possesses  the  power  of  readily 
fluxing  difficultly  fusible  substances,  especially  heavy  spar  and 
gypsum. 

Silicates  and  quartz  pass  into  the  slag,  bases  or  basic  silicates 
being  added  to  serve  as  fluxes  for  acid  silicates,  whilst  basic  silicates 
require  siliceous  additions. 

Heavy  spar  is  partly  reduced  to  barium  sulphide,  partly  converted 

*  Hofman,  The  Metallurgy  of  Lead,  '  J  bid.,  p.  141. 

*  Hofman,  op.  cit. 
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into  barium  silicate  by  the  action  of  silica  and  ferrous  sulphide,  or  of 
silica  and  iron,  the  barium  silicate  combining  with  the  resulting 
ferrous  silicate  and  going  into  the  slag.  If  a  regulus  or  matte 
is  being  produced,  a  small  amount  of  the  barium  sulphide  passes 
into  it,  but  if  not,  then  the  whole  of  the  sulphide  goes  into  the 
slag. 

Calcium  sulphate  behaves  similarly  to  the  barium  salt,  calcium 
sulphide  being  soluble  in  the  slags,  particularly  if  they  are  rich  in 
lime. 

In  order  to  properly  carry  out  the  reactions  which  have  just  been 
considered,  and  in  order  to  ensure  a  complete  separation  of  the  lead 
produced,  from  any  regulus  or  speiss  which  may  be  formed,  the 
ingredients  in  the  charge  must  be  so  proportioned  that  a  readily 
fusible  slag  is  produced,  not  too  heavy,  and  containing  its  silica  as  a 
monosilicate  or  nearly  in  that  proportion,  the  base  being  chiefly  iron 
with  a  small  amount  of  lime.  If  large  amounts  of  zinc  are  present 
the  slag  will  have  to  approximate  to  a  subsilicate  or  be  between 
that  and  a  monosilicate,  the  amount  of  iron  increasing  with  the 
amount  of  zinc  oxide  and  alumina  present.  If  alumina  is  present  in 
smaller  quantities,  then  the  slag  may  be  a  mixture  of  mono-  and 
bi-silicates,  forming  the  so-called  sesquisilicate. 

Siliceous  ores  require  the  addition  of  basic  materials,  and  ores  con- 
taining large  amounts  of  iron  require  correspondingly  large  additions 
of  siliceous  ores,  acid  silicates,  or  slags.  Basic  iron  slags,  roasted  lead 
matte,  red  and  brown  haematite,  burnt  pyrites  may  all  be  employed 
where  basic  ferruginous  materials  are  indicated.  Limestone  in 
smaller  quantities  may  also  be  employed  as  a  basic  addition,  because 
as  already  mentioned,  it  sets  free  ferrous  oxide  from  basic  iron  slags 
in  the  presence  of  lead  silicate,  ferrous  silicate  being  formed  at  the 
same  time. 

Slags  from  the  same  process,  provided  they  are  fairly  fit)e  from 
zinc,  may  be  used  as  a  flux  to  prevent  the  choking  of  the  furnace  by 
pulverulent  ore ;  slags  from  the  working  up  of  the  regulus  can  be 
used  for  the  same  purposes. 

It  is  not  advisable  to  introduce  more  than  36  per  cent,  of  silica 
into  the  slag.  With  40  per  cent,  the  slag  begins  to  be  refractory, 
and  the  furnace  consequently  requires  more  fuel. 

With  still  larger  amounts  of  silica  the  furnace  yield  falls  off,  lead 
passes  into  the  slag  and  is  also  volatilised,  and,  as  shown  on  page  113 
(see  copper),  metallic  iron  may  be  reduced  from  the  slag  and  give 
rise  to  the  formation  of  furnace  "  bears." 
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If  the  percentage  of  zinc  present  is  not  very  great,  it  is  not 
advisable  to  have  less  than  27  or  28  per  cent,  of  silica  in  the  slag,  as 
otherwise  large  additions  of  ferruginous  material  are  necessary,  and 
then  there  is  a  risk  of  the  reduction  of  metallic  iron  from  the  slag. 
In  addition  to  this  danger,  highly  ferruginous  slags  are  diflBcult  to 
separate  from  the  lead,  and  particularly  from  the  matte.  With  a 
large  amount  of  zinc  present,  the  percentage  of  silica  may  be 
considerably  reduced. 

If  heavy  spar  be  present  at  the  same  time,  the  silica  content 
may  be  reduced  to  as  little  as  15  per  cent,  without  the  slag  losing 
the  properties  which  it  must  possess  for  successful  working.  The 
most  satisfactory  proportion  of  silica  in  the  slag  lies  between  27  and 
r36  per  cent. 

The  amount  of  lime  present  in  the  slag,  as  already  shown  on 
page  447,  should  not  exceed  30  per  cent,  with  ores  which  are  free 
from  zinc,  as  otherwise  the  slag  becomes  too  refractory,  requiring  in 
consequence  a  larger  amount  of  fuel  and  enhancing  the  risk  of 
the  reduction  of  metallic  iron  owing  to  the  higher  working  tempera- 
ture. In  the  case  of  zinciferous  ores  the  lime  must  be  kept  low,  as 
zinc  will  not  pass  into  the  slag  if  it  contains  more  than  28  per  cent,  of 
lime.  The  lime  should  not  exceed  16  per  cent,  when  the  ores  contain 
9  to  12  per  cent,  of  zinc. 

In  Europe  the  addition  of  lime  in  the  roasting  and  reduction 
process  is  never  practised,  or  only  to  a  very  slight  extent,  but  in 
America  considerable  amounts  of  lime  in  the  form  of  limestone  are 
employed,  owing  to  the  comparatively  high  price  of  ferruginous 
materials. 

Some  recent  analyses  of  slags  containing  lime  and  zinc  from 


I. 

II. 

III. 

IV. 

V. 

VI. 

,VII. 

viir. 

IX.J 

SiOa 

.      27-9 

300 

260 

27-0 

24-6 

26  0 

27-0 

26-4 

300 

FeO 

.      33-9 

290 

33-4 

31-6 

29-4 

321 

26-5 

22-7 

24-6 

CaO  .    . 

14-8 

14  0 

14-4 

19  0 

24-5 

190 

24-3 

24-8 

22-8 

ZnO      . 

.      16-6 

15-5 

19-8 

16  0 

14-5 

150 

141 

210 

17-7 

X. 


SiOa  .    .  31-96 

FeO 31-82 

AljO, 8-77 

CaO       6-80 


PbO 0-24 

ZnO 13-84 

ZnS       6-71 


1  Analyses  L  to  IX.  are  from  Canby,  Eng.  aiid  Min.  Jmini.  26th  Sept.,  1896  ; 
analysis  No.  X.  from  Weinberg,  ibid.  19th  Dec.  1896, 
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The  proportion  of  ferrous  oxide  in  the  slag  should  not  exceed  50 
per  cent.,  as  otherwise  there  is  a  danger  of  iron  being  reduced  and 
the  specific  gravity  of  the  slag  becoming  too  high.  On  the  other 
hand,  the  percentage  should  not  fall  below  24,  as  the  earthy  bases, 
which  in  such  cases  must  take  the  place  of  the  iron,  render  the  slag 
too  refractory.     The  specific  gravity  should  not  exceed  3*6. 

The  relative  proportions  of  silica,  ferrous  oxide  and  lime,  which 
have  been  found  most  suitable  in  various  American  smelting  works, 
are  given  in  the  following  table,  the  authority  being  given  in  each 
case.  It  must  be  understood  however  that  the  slags  are  not  exclu- 
sively those  of  the  roasting  and  reduction  process,  but  include  some 
formed  by  direct  smelting  of  carbonate  and  sulphide  ores. 


Metallurgist. 


Eilers  . 
Eilers  . 
Schneider 
Rath  . 
Hahn  . 
Page .  . 
Livingstone 
Hahn  . 
lies  .  . 
Murray 


Silica 
per  cent. 


28 
30 
33 
35 
34 
33 
30 
36 
32 
40 


Ferrous  and 

msuganous 

oxides  per  cent. 


50 
40 
33 
27 
50 
36 
36 
40 
33 
34 


Lime  (baryta, 

msfpnesia) 

percent 


12 
20 
24 
28 
12 
16 
20 
20 
23 
26 


Total,  exdiuiTe 
of  flduinina,  one 
uxide,  and  simi- 
lar bodies. 


90 
90 
90 
90 
96 
85 
86 
96 
88 
100 


The  composition  of  various  European  slags  from  the  roasting  and 
reduction  process  is  given  in  the  following  tables : — 


Silica    .    .    . 
Ferrous  oxide 
Zinc  oxide  . 
Lead  oxide  . 
Copper  oxide 
Alumina  .    . 
Lime         .    . 
Baryta .    .    . 
Ma>(ne8ia 
Sulphur   .    . 


From  Freiberg  in 

Saxony. 

Old  SUgs. 

Slags  from 
recent  working. 

I 

2 

, 

28-14 

27  05 

27-2 

37-23 

41-21 

401 

7-60 

8-62 

101 

7 -30 

3-90 

5-7 

0-50 

100 

« 

5-78 

6-85 

7-68 

8-84 

Not 

3-87 

estimated. 

0-63 

0-90 

2-47 

3-53 

J 
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i 

eS 

"1 
i£ 

11 
1 

2. 

13-64 
not  estimated 

04 

• 

X 

6S 

f  ?!       SK^g^    1         i             1 

©   04          ©    ^    0&    ^    a 

16-90 
35  05 

s 

• 

CO 

6-31 

19-64 
10-24  (8-13  BaS) 

Pralbram. 

37-50 

28-37 

2-51 

o 

• 

?  S    1       ?  &  8    1  8           ? 

^    r^                ©    -*    ©          ©                w 

4 
1 

3. 

31-27 

32-64 

1-24 

5 
s 

118 
8-14 

113(PbS) 

0-06 
014 

2-94 

1. 
35-05 

20-89 

2-23 

• 

1 

f?   p.              9                         S     1         ?     1 
^   6j              ^                         ©              th 

• 

1 

30-32 
36-72 

■ 

CO 

3-20 

0-18  (CuO) 

113(Pb) 

7-27 

1-47 

0-19 

0-0007 

0-009  (Sb) 
2-04 

1-28 

1 

27-85 

39-03 

4-74 

1-^ 

f 

O 

00     CO     lO     00     O)     lA     C4 

^    CO    00    »7«    5i    55    i> 

05     «jl     ©     ©     ©     4t<     (N 

nil 

n 

23-96 

44-41 

0-92 

US 

• 

S    Th      1     00    00    X    'S 

©     ^       '      ©     04     "**<     -^ 

•■•■*.••                       .■■>•                       ..      ^^ 

....     .  .  .      s« 

■                      tS 

SiO, 
FeO 
MnO 

s 

O  Q  2 
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Slao  from  La  Pise  (Fbancb). 


SiO, 
FeO 
CaO 


30 
40 
20 


ALiO,andMgO    .      5    6 
Pb 2—3 


In  the  two  following  analyses,  I.  represents  the  average  at  Freiberg 
of  7  slags  from  the  first  third  of  last  century ;  II.  is  a  slag  from 
the  last  third  of  the  century,  and  corresponds  to  those  frequently 
produced  at  present :  ^ 


SiO.. 

MnO 

CaO. 

BaO. 

MgO 

PbO 

ZnO 

CiiO. 

SO,  . 

S  .   . 


I. 

Per  cent. 

34-60 
5-47 

4610 
112 
3-52 
0-40 
0-78 
4-82 
2-03 
0-99 
1-16 
0-32 


II. 
Per  cent. 

27-15 
2-56 

38-58 
2-36 
3-15 
0-32 
1-06 
3-86 

17-83 
0-60 

2-27 


In  successful  working,  the  slag  from  the  roasting  and  reduction 
process  should  not  contain  more  than  0*5  per  cent,  of  lead  by  dry 
assay,  and  not  more  than  0*5  ounce  of  silver  per  ton,  assuming  that 
the  work  lead  does  not  carry  more  than  300  ounces  per  ton. 

The  fuel  used  is  a  carbonised  fuel,  either  coke  or  charcoal,  or  a 
mixture  of  the  two.  Peat  charcoal  was  used  for  a  considerable 
period  at  Freiberg.*  Natural  fuels  are  not  generally  used,  as  they 
undergo  a  coking  in  the  upper  parts  of  the  furnace,  absorbing  heat, 
altering  in  volume  and  leading  to  irregular  working  and  volatilisa- 
tion of  lead.  Anthracite  is,  however,  employed  to  a  certain  extent 
in  admixture  with  other  materials  in  the  United  States.^  According 
to  experiments  by  Austin  at  the  Germania  Works  in  Utah,  mixtures 
of  bituminous  coal  with  coke  or  charcoal,  or  with  both  together, 
may  be  used.*  As,  according  to  the  researches  of  Schertel,*  the 
reduction  of  the  lead  in  the  roasted  ore,  when  the  latter  has  been 
melted  or  sintered,  is  chiefly  brought  about  by  contact  with  solid 
carbon,  it  is  not  essential  that  large  quantities  of  carbon  monoxide 
should  be  produced  by  the  combustion  of  the  carbon.  It  is  there- 
fore better  to  bum  the  carbon  as  far  as  possible  to  carbon  dioxide, 
in  order  to  obtain  the  greatest  amount  of  heat  from  it.  For  this 
reason  the  less  porous  coke  is  to  be  preferred  to  the  more  porous 

^  Kochinke,  Jahrbtich  fur  doui  Berg-  und  HiUtenwesen  im  Kdnigr,  Stichsent  1899, 
p.  120.  ^  Ibid.  p.  113.  >  Trans,  AJ.M.E.  xx. 

*  Austen,  Eng,  und  Min.  Joum.  15th  December,  1894. 
B  Jcihrhuchfur  daa  Berg-  und  HiUtenwesen  im  Kimigr,  Sachaenf  1880. 
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charcoal,  as  carbon  monoxide  is  less  liable  to  be  produced  by  its 
combustion.  The  composition  of  furnace  gases  at  Freiberg  is  given 
by  Schertel  ^  in  the  following  table  : — 


N. 
CO- 
CO 
CH. 
H. 


I. 

II. 

VolumoB  per  cent. 

Volumes  per  cent. 

73-08 

.   .         76-66 

16-27          .    . 

16'87 

814 

.    .           5-92 

0-67 

0-51 

1-84 

.    .           0-66 

The  temperature,  however,  must  not  be  raised  to  such  a  degree 
as  to  volatilise  large  quantities  of  lead,  and  to  reduce  metallic  iron 
from  the  oxide  and  silicate. 


SMELTING  FURNACES. 


The  smelting  furnaces  generally  used  are  shaft-furnaces,  which 
may  be  either  draught  furnaces  or  fed  by  an  air-blast.  The  employ- 
ment of  draught  furnaces  is  exceptional,  and  then  only  with  easily 
fusible  charges,  the  use  of  blast  furnaces  being  the  rule. 


DRAUGHT  FURNACES. 

In  draught  furnaces  the  air  is  drawn  into  the  furnace  either  by 
means  of  a  stack  draught  or  with  the  aid  of  an  exhauster. 

Draught  furnaces  of  the  former  type,  or  air  shaft  furnaces,  were 
formerly  employed  in  the  Sierra  de  Carthagena  (Spain),  but  are  now 
mostly  replaced  by  blast  furnaces.  These  furnaces  are  connected  by 
flues  running  up  the  hillsides,  with  a  high  stack.  The  air  enters 
the  furnace  through  nozzles  in  its  sides.  As  a.  high  pressure  cannot 
be  obtained  (^^  of  an  inch  of  mercury  at  the  most),  the  height  of 
the  column  of  material  in  the  furnace  must  of  necessity  be  small. 
The  construction  of  such  a  furnace  is  shown  in  Fig.  323. 

It  will  be  seen  that  it  is  a  crucible  furnace  with  six  clay  tuyeres  /, 
the  upper  portion  being  protected  by  a  masonry  shell.  The  furnace 
shafl  terminates  in  the  flue  Vy  which  connects  it  with  the  stack. 
The  charge  and  fuel  are  introduced  through  the  opening  e,  which 
can  be  closed  by  a  door,  in  order  not  to  interfere  with  the  draught. 
The  slag  flows  out  through  a  hole  into  the  slag-channel  in  the  fore- 
hearth  d,  and  the  lead,  which  collects  in  the  brasque  crucible  6,  is 
tapped  out  into  the  forehearth  c.  To  ensure  a  uniform  distribution 
of  air  to  the  tuyeres,  a  wall  z  is  built  round  the  lower  portion  of  the 
furnace. 

^  Op.  eit,  1890,  p.  117. 
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These  furnaces  can  only  be  employed  with  easily  fusible  charges; 
they  arc  extravagant  in  their  consumption  of  fuel,  and  require  careful 
attendance  to  prevent  any  irregularities  in  the  draught  from  upsetting 
the  working  of  the  furnace.  They  can  therefore  only  be  employed 
under  quite  exceptional  circuraatances. 

The  Herbertz  furnace  is  an  example  of  furnaces  of  the  second 
class,  and  has  been  tried  experimentally  for  lead  smelting. 

.  In  this  furnace  the  necessary  draught  is  obtained  by  a  steam  jet 
placed  in  the  furnace  throat.  The  air  is  drawn  in  through  an 
annular  slot,  which  can  be  widened  or  narrowed,  this  being  rendered 
possible  by  supporting  the  entire  hearth  on  strong  screws  and  raiMng 


or  lowering  it.  The  construction  of  the  furnace  will  be  seen  from  Fig. 
324,  A  is  the  shaft,  the  upper  part  of  which  mi  is  constructed  of 
masonry,  whilst  the  lower  part  above  the  crucible  (  is  a  hollow  wawr- 
cooled  iron  cylinder.  The  upper  part  of  the  furnace  is  supported  on  the 
columns  s.  Screws  p,  resting  on  iron  feet/,  carry  the  crucible  of  the 
furnace  and  permit  of  its  being  raised  or  lowered  ;  v  is  the  circular 
slot  for  the  entrance  of  the  air  ;  w  w  are  sight-boles ;  x  is  the 
tap-hole  of  the  crucible,  and  y  a  spout.  The  waste  gases  p»ss 
along  the  pipe  r  into  condensing  chambers.  The  cooling  water 
for  the  hollow  iron  jacket  paases  from  the  cistern  g  by  the  tobe 


n  into  the  lower  part  of  the  jacket,  passing  away  from  the  top  by 
the  tube  q.  The  partial  vacuum  in  the  furnace,  produced  by  steam  at 
4  or  5  atmospheres'  pressure,  amounts  to  IJ  to  2J  inches  of  mercury, 
measured  3  feet  above  the  point  of  the  entrance  of  the  air. 


These  furnaces,  which  have  answered  well  for  melting  pig-iron, 
have  only  been  tried  experimentally  for  lead  smelting.  Owing  to 
the  low  draught  pressure  there  is  little  likelihood  of  their  further 
adoption. 
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BLAST   FURNACES 

are  chiefly  employed  in  the  smelting  of  lead  ores,  and  have  undergone 
extensive  modifications  of  recent  years. 

The  low  blast  furnaces  charged  from  the  level  of  the  works  floor 
{Krummofen)  formerly  employed,  with  all  their  attendant  disadvan- 
tages— high  fuel  consumption,  large  loss  of  lead  by  volatilisation, 
small  capacity  and  short  life — are  now  replaced  by  much  taller 
furnaces.  Furnaces,  square  or  trapezoidal,  in  horizontal  section, 
are  also  being  replaced  by  circular,  elliptical  or  rectangular  furnaces 
on  account  of  their  greater  capacity. 

Instead  of  the  furnace  body  widening  from  the  throat  to  the 
tuyeres,  and  having  tuyeres  on  one  side  only,  the  furnaces  now 
used  contract  downwards  to  the  tuyeres,  the  latter  being  arranged 
symmetrically  all  round  the  furnace.  In  some  cases  two  rows  of 
tuyeres,  one  above  the  other,  surround  the  furnace.  At  Pertusola 
and  Freiberg  this  arrangement  has  proved  successful  in  increasing 
the  output  of  metal  and  diminishing  smelting  costs.  At  Freiberg 
each  row  consists  of  12  tuyeres,  the  first  being  4  inches  above  the 
hearthstone,  the  second  about  4  inches  higher. 

In  the  older  form  of  furnace  volatilisation  of  lead  was  avoided  by 
maintaining  a  comparatively  low  temperature  in  the  zone  of  fusion 
and  a  complete  separation  of  the  lead  or  of  the  matte  from  the 
slag  was  ensured,  owing  to  the  distance  which  the  molten  mass  had 
to  traverse  from  the  tuyere  to  the  front  of  the  furnace.  These  advan- 
tages were  more  than  counterbalanced  by  the  incomplete  reduction 
of  lead  from  the  slag  and  matte,  in  consequence  of  the  low  tempera- 
ture in  the  crucible,  and  by  the  high  velocity  of  the  gases  in  the 
narrowed  throat  of  the  furnace,  resulting  in  a  very  incomplete 
transference  of  their  heat  to  the  charge,  and  a  large  escape  of  lead 
fume  and  flue  dust. 

The  furnaces  with  a  narrow  crucible  widening  up  to  the  throat 
enable  the  lead  to  be  more  perfectly  extracted  from  the  slag  owing 
to  the  higher  temperature,  loss  of  lead  is  to  a  certain  extent  pre- 
vented, and  the  descending  charge  abstracts  a  larger  proportion  of 
the  heat  of  the  waste  gases  owing  to  their  smaller  velocity.  The 
formation  of  furnace  accretions  is  to  a  great  extent  prevented  by 
the  friction  of  the  descending  charge  against  the  furnace  walls. 
Occasionally  the  furnace  is  slightly  narrowed  again  towards  the 
throat,  after  widening  below,  in  order  to  quickly  carry  oflF  zinc  vapour 
through  a  tube  hung  in  the  centre  of  the  furnace  top. 

Furnaces  with  easily  accessible  base  and  framework,  built  of  light 
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masonry,  or  cased  in  boiler  iron,  or  with  the  brickwork  wholly  or 
partially  replaced  by  waterjackets,  have  superseded  the  older  furnaces 
constructed  of  massive  masonry  and  difficult  of  access. 

The  output  has  also  been  greatly  increased  by  using  larger 
iumaces,  a  greater  number  of  tuyeres,  and  a  greater  amount,  as  well 
as  a  higher  pressure,  of  blast.  The  height  of  the  furnace  has  a 
certain  definite  limit.  If  it  is  too  low,  then  volatilisation  and  an 
incomplete  transference  of  the  heat  of  the  waste  gases  to  the  charge 
occur;  if  too  high,  then  iron  is  reduced  from  the  charge.  With 
chaises  rich  in  iron,  lower  furnaces  are  used  than  in  those  cases 
where  the  charge  is  rich  in  lime  and  silica. 

With  charcoal  as  fuel,  taller  furnaces  should  be  used  than  where  coke 
is  burnt,  because  with  charcoal  combustion  rapidly  spreads  upwards, 
and  consequently  with  a  low  furnace  a  considerable  portion  of  the  fuel 
would  be  uselessly  burnt  at  the  throat.  If  the  ores  are  rich  in  zinc 
the  furnace  must  not  be  too  high,  as,  if  it  is  not  possible  to  pass 
all  the  zinc  into  the  slag,  the  volatilisation  of  part  of  it  is  aimed  at, 
and  with  a  high  furnace  this  might  lead  to  deposits  of  furnace 
calamine.  The  height  of  modem  furnaces  from  the  bed  to  the  throat 
varies  from  11 J  to  31  feet. 

The  distance  from  the  tuyere  level  to  the  upper  surface  of  the 
charge  has  an  important  influence  ou  the  output,  and  varies  in 
modern  furnaces  from  10  to  24^  feet.  In  the  Freiberg  Pilz  furnace 
of  circular  section  this  distance  is  17  feet  10  inches  up  to  the  flue 
level;  in  the  Schemnitz  Pilz  furnace  11  feet  6  inches;  in  the  new 
Pilz  furnace  at  Friedrichshtitte  12  feet  3  inches;  in  the  newest  Pilz 
furnace  23^  feet ;  in  the  rectangular  Raschette  furnace  at  Altenau 
in  the  Harz  it  is  16  feet  6  inches ;  and  in  the  American  furnaces 
of  rectangular  section  10  feet  to  20  feet.  In  the  United  States 
at  the  present  time  the  most  general  height  is  from  18  to  31  feet, 
with  a  blast  pressure  of  3  to  4  inches  of  mercury.  At  Colorado  a 
furnace  32'8  feet  high  has  been  tried  experimentally  but  without 
success.  It  was  found  that  large  quantities  of  bears  were  formed, 
and  that  the  fuel  burnt  in  the  upper  part  of  the  furnace,  whilst  the 
lower  part  remained  cold.^ 

The  depth  from  the  tuyere  level  to  the  lowest  point  of  the  hearth 
(crucible  or  well)  varies  according  to  the  nature  and  size  of  the 
furnace  from  20  inches  to  3  feet.  It  must  not  be  more  than  3  feet, 
otherwise  the  lead  in  the  hearth  might  become  too  cold.  In  the 
Freiberg  Pilz  furnace  it  measures  2  feet ;  at  Friedrichshtitte,  near 
Tamowitz,  2  feet  1^  inches ;  in  the  Raschette  furnace  of  Altenau 

1  The  Eng.  and  Min.  Joum.  5th  March,  1898,  No  10. 
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2  feet  8  inches  to  the  hearthstone ;  and  in  American  furnaces  3  feet 
to  3  feet  3^  inches. 

In  horizontal  section,  furnaces  of  the  present  day  are  circular  or 
rectangular. 

Circular  furnaces  must  not  exceed  a  certain  diameter,  otherwise 
the  air  at  the  pressure  employed  cannot  force  its  way  to  the  axis  of 
the  furnace,  and  a  cold  central  core  is  the  result.  If  the  air  pressure 
be  increased,  lead  is  volatilised,  iron  begins  to  be  reduced,  and  the 
melting  zone  extends  upwards  in  the  furnace. 

The  pressure  of  the  blast  in  circular  furnaces  lies  between  f  of 
an  inch  and  IJ  inches  of  mercury,  varying  with  the  size  of  the 
furnace  and  the  fusibility  of  the  charge.  In  the  case  of  large 
furnaces  of  rectangular  section  it  is  higher — from  2  to  4  inches  of 
mercury. 

The  diameter  of  the  furnace  at  the  tuyere  level  does  not  as  a 
rule  exceed  5  feet.  The  Freiberg  Pilz  furnace  (Muldener  Works) 
has  a  diameter  of  5  feet,  and  a  blast  pressure  of  If  inches  of  mercury ; 
a  round  furnace  at  Przibram  1}  inches  pressure,  and  4  feet  7  inches 
diameter ;  the  new  furnace  at  Fried richshtitte  J  inch  pressure,  4  feet 
1  inch  diameter;  the  Schemnitz  furnace  1  inch  pressure,  4  feet 
diameter. 

In  the  United  States  the  diameter  does  not  usually  exceed  42 
inches,  and  the  blast  pressure  1  to  2  inches  of  mercury.  One  exception, 
a  furnace  designed  by  Probert  of  6  feet  10  inches  diameter,  with 
water-cooled  tuyeres  projecting  2  feet  into  the  furnace,  does  not, 
however,  seem  to  have  come  into  actual  use.*  On  the  other  hand, 
a  furnace  at  Pertusola  7^  feet  in  diameter  with  15  tuyeres  has  been 
successfully  worked.*  At  the  Muldener  Htitte  in  Freiberg  a  furnace 
28  feet  high,  6J  feet  in  diameter,  with  20  tuyeres  has  been  built 
recently.  The  blast  pressure  is  only  0*39  inch  of  mercury,  as 
against  0*6  to  09  inch  for  furnaces  of  the  same  height,  but  with 
6  feet  diameter  and  12  tuyeres.  The  production  of  this  furnace  is 
10  per  cent,  above  the  furnaces  last  named  when  working  ore,  and 
from  20  to  275  per  cent,  for  slags.' 

Furnaces  of  circular  horizontal  section  can  only  treat  a  certain 
quantity  of  ore,  as  they  must  not  exceed  a  certain  definite  area  at  the 
tuyere  level.  Furnaces  of  rectangular  section,  however,  permit  of 
their  area  at  the  tuyere  level  being  greatly  increased  as  compared 
with  a  circular  furnace,  as  the  two  longer  sides  may  be  extended 

1  Eissler,  Metallurgy  of  ArgtrUiftroua  Lead,  1891. 

*  Heberlein,  ^ffcrgr-  und  JSiUtenm  Ztg,  1899,  p.  189. 

'  Jahrbuch  fUr  das  Berg-  und  SiUtenwesen  im  Kdnigr.  SacKsen,  1899,  p.  132. 
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without  altering  the  dimensions  of  the  shorter  side,  and  without  any 
consequent  increase  in  diameter  with  its  attendant  disadvantages. 
Where  a  large  amount  of  ore  has  to  be  quickly  worked,  it  is  therefore 
better  to  employ  rectangular  than  circular  furnaces. 

Such  furnaces  have  been  used  for  some  time  in  the  United  States, 
principally  in  smelting  lead  ore,  the  circular  furnaces  being  only  used 
for  working  up  the  bye  products.  The  short  sides  of  the  rectangle  are 
from  30  to  42  inches  in  length,  the  longer  sides  were  at  first  6  feet, 
but  were  subsequently  increased  to  10  feet,  which  is  the  usual  size  of 
furnace  now  in  use.  The  extreme  length  of  11  feet  8  inches  is 
employed  in  a  furnace  of  the  Globe  Smelting  Works  at  Denver, 
designed  by  lies.  In  recent  times  3'28  feet  has  been  regarded  as 
the  most  profitable  width.  A  furnace  has  been  built  in  Colorado, 
13  feet  long  and  5^  feet  wide  and  33  feet  high.  Owing  to  various 
drawbacks,  such  as  the  reduction  of  iron,  top  fire,  and  difficulty  in 
altering  the  composition  of  the  charge,  its  use  was  soon  given  up.^ 
All  the  American  furnaces  are  furnished  with  waterjackets.  A 
furnace  2  feet  9  inches  by  8  feet  3  inches  at  the  tuyere  level,  with 
five  tuyeres  3^  inches  diameter  on  each  side,  working  at  1^^  inches 
pressure,  can  treat  40  tons  of  ore  in  the  24  hours.  Furnaces  at 
present  built  in  America  put  through  in  24  hours  85  to  100  tons 
containing  12  per  cent,  of  lead  and  3  to  5  per  cent,  of  matte.  Their 
dimensions  are :  at  tuyere  level  3^  by  10  feet,  height  above  tuyeres 
14|  to  17f  feet ;  each  of  the  long  sides  of  the  furnace  is  fitted  with 
6  tuyeres,  and  the  diameter  of  these  at  the  nozzle  is  3  to  3*9  inches. 
The  Altenau  Baschette  furnace  is  3  feet  2 J  inches  by  6  feet  6  inches 
at  the  tuyere  level. 

In  vertical  section  the  furnace  expands  from  the  tuyere  level  to 
the  throat.  This  expansion  may  either  be  gradual,  or  else  the 
furnace  widens  sharply  from  the  tuyeres  upwards  to  a  certain  point 
(the  boshes)  and  then  widens  more  gradually  to  the  throat.  Some- 
times the  furnace  walls  go  vertically  upwards  above  the  boshes,  or 
possess  even  a  slight  inward  slope,  in  the  latter  case  usually  when 
zinciferous  ores  are  being  worked.  When  the  ores  are  very  rich  in 
zinc,  as  in  the  Lower  Harz,  it  is  usual  to  belly  out  the  furnace  above 
the  tuyere  level,  in  order  to  prevent  its  being  quickly  contracted  by 
zinciferous  deposits. 

Circular  furnaces  usually  widen  uniformly  from  the  tuyere  level 
to  the  throat,  but  rectangular  furnaces  are  generally  provided  with 
well-marked  boshes.  These  furnaces  have  proved  to  be  so  efficient 
in  the  States  that  it  seems   probable  that  lead  ore  smelting  will 

^  Jihig,  and  Min.  Jaum,  1898,  5th  March. 
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soon    be    entirely    effected    in    such    rectangular    furnaces    with 
boshes. 

The  following  are  dimensions  of  various  furnaces  in  use : 
As  examples  of  a  furnace  without  boshes,  the  circular  Pilz 
furnace  at  the  Muldener  Works,  Freiberg,  is  17  feet  7  inches 
high  from  the  tuyere  level  to  the  throat,  5  feet  in  diameter  at 
the  former,  and  6  feet  7  inches  at  the  latter ;  the  new  Schemnitz 
furnace  is  11  feet  6  inches  high,  4  feet  diameter  at  the  tuyeres,  and 
5  feet  at  the  throat ;  one  of  the  Friedrichshtitte  furnaces  at  Tarnowitz 
has  a  height  of  12  feet  4  inches,  is  4  feet  in  diameter  at  the  tuyeres, 
and  5  feet  8  inches  at  the  throat :  the  other  is  14  feet  9  inches  high, 

4  feet  in  diameter  at  the  tuyere  level,  and  6  feet  7  inches  in  diameter 
at  the  throat. 

Among  the  rectangular  furnaces  without  boshes,  the  Altenau 
Raschette  furnace  is  16^  feet  high  from  the  tuyeres  to  the  throat, 
3  feet  2}  inches  by  6  feet  7  inches   at   the   tuyeres,  and   4  feet 

5  inches  by  7  feet  at  the  throat. 

Of  American  furnaces  rectangular  in  plan,  and  furnished  with 
boshes,  the  furnace  of  the  Omaha  and  Grant  Smelting  Works  at 
Denver  may  be  taken  as  an  instance.  It  measures  3  feet  by  6  feet 
8  inches  at  the  lower  end  of  the  boshes,  and  -4  feet  by  7  feet 
10  inches  at  the  upper  end  of  the  boshes,  which  are  3  feet  6  inches 
high.  It  then  widens  upwards  to  the  throat,  which  is  12  feet 
3  inches  high,  and  there  it  measures  4  feet   10  inches  by  8  feet 

6  inches. 

In  recent  furnaces  the  tuyeres  are  arranged  symmetrically  round 
the  furnace.  Tuyeres  at  the  back  of  the  furnace  only  are  rare  now, 
though  they  were  formerly  used  in  that  way  when  smelting  with 
a  nose,  when  the  ore  and  fuel  were  charged  in  vertical  columns. 

With  the  smaller  furnaces  previously  used,  only  1  to  3  tuyeres 
were  employed,  whilst  with  the  large  circular  and  rectangular 
furnaces  of  the  present  day,  12,  and  even  as  many  as  20,  tuyeres  are 
used.  At  Freiberg  the  later  Pilz  furnaces  have  12  tuyeres,  the  older 
ones  only  8,  the  newest  ones  have  even  20 ;  the  Raschette  and 
American  furnaces  have  12  to  14  tuyeres;  furnaces  with  less  than 
3  tuyeres  are  now  never  used.  Rectangular  furnaces  were 
at  first  provided  with  a  tuyere  in  each  of  the  shorter  sides,  but 
this  arrangement  hasxin  most  cases  been  done  away  with  on 
account  of  its  inconvenience,  and  practically  the  same  result  has  been 
attained  by  putting  a  tuyere  in  the  longer  sides  close  to  the  ends  of 
the  furnace. 

The  following  table  gives  the  dimensions  and  number  of  tuyeres 
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of  the  diflTerent  furnaces  in  use  at  present  at  the  Muldener  Works  in 
Freiberg : — 


No.  of  furnace. 

Total  height. 
Feet. 

Diameter. 
Feet. 

No.  of  tuyeres. 

Capacity. 
Cubic  feet. 

1 

I 

18 

3-28 

4 

176 

In 

18 

5 

12 

353 

in 

26-25 

5 

12 

530 

IV 

26-26 

5 

12 

530 

V 

27-9 

5 

2  X  12 
(two  rows) 

706 

VI.     .      .  . 

1 

27-9 

6-5 

20 

1,236 

Construction  of  the  Furnace 

The  type  of  furnace  that  should  be  used  as  a  rule  is  the  crucible 
furnace.  Furnaces  provided  with  a  fixed  forehearth  (Stcmpfo/en)  are 
occasionally  used  in  the  smelting  of  highly  zinciferous  ores,  where  the 
hearth  has  often  to  be  freed  from  various  accretions  and  bears. 
Furnaces  with  independent  forehearths,  in  which  the  lead  produced 
ran  out  continuously  instead  of  accumulating  inside  (Sfnordfen)^  are 
now  no  longer  used,  as  the  separation  of  the  lead  from  the  molten 
mass  in  the  forehearth  was  very  incomplete. 

The  crucible  furnace  has  the  advantage  of  retaining  its  heat 
better  than  any  other  variety,  so  that  the  molten  mass  at  the  bottom 
of  the  furnace  is  maintained  in  a  perfectly  fluid  condition,  thereby 
ensuring  a  complete  separation  of  the  various  ingredients  compos- 
ing it.  The  slag  in  particular  can  be  very  perfectly  separated  from  the 
lead,  it  being  either  allowed  to  flow  continuously  out  of  a  slag  notch 
and  down  the  slag  spout  into  iron  pots,  or  else  it  is  tapped  off  at 
intervals  of  from  5  to  10  minutes  through  a  tap  hole  made  up 
with  clay  or  brasque  and  provided  with  a  short  spout.  By  periodically 
tapping  the  slag,  which  is  the  method  chiefly  practised  in  the  United 
States,  the  heat  is  more  perfectly  retained  in  the  frirnace,  and  the 
slag  is  rendered  so  completely  fluid  that  it  can  traverse  a  series  of  pots 
and  be  transported  considerable  distances  without  the  mass  solidifying. 
Furnaces  of  medium  size  have  usually  only  one  slag  notch,  whilst 
furnaces  of  large  capacity  producing  large  amounts  of  slag  have  two, 
which  are  tapped  alternately.  Rectangular  fiimaces  are  provided 
with  two  slag  notches,  one  in  each  short  side,  in  order  to  prevent 
the  molten  mass  from  cooling,  as  it  would  do  on  the  farther  side  if 
there  were  only  one  tap  hole.  The  details  of  the  slag  notches  will 
be  shown  subsequently  under  the  head  of  American  furnaces. 
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The  running  off  of  the  lead  from  both  crucible  and  well  furnaces 
takes  place  either  periodically  or  goes  on  continually,  the  matte  and 
speiss  being  only  withdrawn  at  intervals.  Periodical  tappings  are 
made  as  soon  as  the  crucible  or  well  is  full  of  molten  material ;  the 
blast  is  shut  off,  and  the  molten  lead,  matte,  and  speiss  are  allowed 
to  run  through  a  tap  hole  in  the  lower  portion  of  the  crucible  into  a 
tapping  hearth  or  vessel  placed  to  receive  it.  The  sudden  with- 
drawal of  this  molten  mass  leaves  a  cavity  at  the  bottom  of  the 
furnace  into  which  the  unfused  charge  can  fall,  causing  a  risk  of  the 
formation  of  bears  or  furnace  accretions  on  the  hearth.  This  risk  is 
lessened  by  allowing  some  lead  to  remain  in  the  hearth,  so  that  the 
portions  of  the  charge  fall  only  on  to  its  surface,  and  floating  there 
cannot  come  into  contact  with  the  hearth  bottom.  A  further  objec- 
tion to  periodical  tappings  is  that  the  stoppage  of  the  blast  and  the 
emptying  of  the  crucible  both  delay  the  process  and  cool  the 
furnace. 

The  continual  withdrawal  of  the  lead  from  the  crucible  or  well  is 
effected  by  means  of  a  syphon,  the  fluid  mass  inside  the  crucible 
forming  one  leg,  the  other  being  a  sloping  hole  extending  down  to  it, 
with  its  open  mouth  outside  the  furnace.  The  molten  lead  thus 
stands  at  the  same  level  outside  the  fumax^e  as  it  does  inside ;  in 
fact  it  will  generally  be  found  higher  on  the  outside  on  account  of 
the  pressure  of  the  blast  or  of  the  superincumbent  mass  of  the 
charge  on  the  lead  inside.  By  widening  the  mouth  of  the  tube 
leading  outside  the  furnace  or  making  it  bowl-shaped,  the  molten 
lead  can  be  ladled  out  and  then  cast  into  moulds,  or  it  can  be  tapped 
from  this  or  allowed  to  flow  over  into  another  forehearth. 

This  contrivance  for  continuously  drawing  off  the  lead,  known  as 
the  syphon  tap  6t  atUorruUic  tap,  was  introduced  by  Arents,  a  Clausthal 
smelter,  and  fii'st  employed  by  him  in  Nevada  ;  it  has  since  been 
introduced  into  all  the  American  smelting  works  and  a  certain 
number  of  the  European  ones.  The  arrangement  now  used  in 
America  is  shown  in  Fig.  325  :  b  is  the  crucible,  the  bottom  of  which 
is  made  of  boiler-plate  to  prevent  the  lead  from  leaking  through,  and 
d  the  channel  communicating  with  it ;  at  the  upper  end  of  (2  is  a  bowl 
c  from  which  the  spout  a  conveys  the  molten  lead. 

In  the  modem  American  furnace  the  whole  arrangement  forms 
part  of  the  furnace  base,  the  crucible,  communicating  pipe,  and  its 
well  at  the  top  being  all  enclosed  by  the  iron  plates  and  buckstaves 
that  form  the  outer  wall  of  the  furnace  base,  whilst  in  the  older 
furnaces  the  mouth  of  the  pipe  lay  outside  the  wall  of  the  hearth.  This 
latter  arrangement  is  employed  in  European  furnaces  as  shown  in 
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Fig.  326,  which  represents  the  Arents  tap  applied  to  a  Schemnitz 
roand  furnace :  a  is  the  inner  portion  of  the  tube  communicating  with 
the  cracible,  A  is  the  expansion  at  the  mouth  of  this  tube  in  which 
the  lead  collects  and  flows  over  into  the  cast-iron  forehearth  w.  In 
the  first  instance  the  tubes  were  constructed  of  cast-iron,  ending  in 
a  cast-iron  basin  lined  with  clay.  Cast-iron  pipes  are  now  no  longer 
employed,  the  channel  being  made  of  the  same  material  as  that 
of  which  the  hearth  itself  is  composed.     In  the  United  States,  where 


the  hearth  is  generally  made  of  fire-brick,  the  pipe  is  constructed 
of  a  similar  material  and  is  square  in  section  and  irom  3  to  4  square 
inches  in  area.  The  hearth  walls  are  seldom  less  than  22  inches 
thick.  In  the  case  of  brasque  hearths  the  connecting  pipe  is  cut  out 
of  the  substance  of  the  hearth  itself.  When  the  furnace  has  to  be 
blown  out,  the  lead  in  the  hearth  can  be  tapped  ofi*  by  a  special 
tap-hole. 

The  syphon  tap  can  also  be  used  when  matte  and  speiss  are  being 
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produced.  When  the  slag  is  tapped  off  at  intervals,  as  is  generally 
the  case  in  American  practice,  the  matte  and  speiss  go  with  it  into 
the  slag  pots,  and  there  arrange  themselves  according  to  their 
specific  gravities.  In  those  cases  where  a  periodical  tapping  of  the 
slag  is  not  made,  the  matte  can  be  run  off  through  a  special  tap- 
hole  placed  below  the  slag  outlet. 

Arents's  tap  cannot  be  employed  if  the  charge  is  rich  in  copper,  as 
a  difficultly  fusible  copper-lead  alloy  is  formed,  which  is  liable  to 
solidify  on  the  hearth  bottom,  and  cause  a  stoppage  of  the  com- 
municating channel.  To  a  certain  extent  this  can  be  prevented  by 
leaving  sufficient  sulphur  in  the  charge  to  form  copper  sulphide, 
which  then  gx>es  into  the  matte ;  but  if  the  copper  content  of  the 
charge  amounts  to  more  than  10  to  12  per  cent.,  the  formation  of  the 
copper-lead  alloy  cannot  be  prevented. 

The  advantages  attending  the  employment  of  the  automatic  tap 
are,  that  by  the  continuous  withdrawal  of  the  lead  the  unhealthy 
operation  of  tapping  is  dispensed  with,  that,  as  a  certain  amount 
of  molten  lead  is  always  left  in  the  hearth,  the  risk  of  the  formation 
of  bears  and  accretions  on  the  furnace  hearth  is  lessened,  and  the 
emptying  of  the  hearth  and  its  exposure  to  the  cold  blast  are  avoided. 
This  method  of  running  off  the  lead  is  consequently  to  be  preferred, 
except  in  those  cases  where  there  is  a  risk  of  the  passage  becoming 
blocked. 

In  the  recent  types  of  furnace  those  portions  of  the  furnace  walls 
surrounding  the  zone  of  fusion  are  water-jacketed,  being  made  hollow 
and  filled  with  water.  Water-jacketing  of  this  kind  was  first  applied 
in  Freiberg  at  the  Stolberger  Works.  This  water-jacket  may  be  con- 
structed either  of  cast-iron,  cast-steel,  or  wrought-iron,  the  latter,  in 
the  form  of  boiler-plate,  being  usually  used  on  account  of  its  dura- 
bility ;  jackets  of  cast-steel  have  answered  well  at  the  Hanau  Works 
near  Salt  Lake  City,  Utah.^  Cast-iron  has  been  largely  used  of  late 
for  this  purpose  in  America.* 

Water-jackets  are  used  with  both  circular  and  rectangular 
furnaces ;  in  the  former  case  they  are  built  up  of  hollow  segments  of 
a  circle,  and  in  the  latter  of  rectangular  boxes  connected  one  to  the 
other  by  bolts,  in  each  case  being  provided  with  holes  for  the  passage 
of  the  tuyeres  through  them. 

The  water-jackets  of  circular  fiimaces  are  usually  placed  vertically, 
those  of  the  rectangular  furnaces  sloping  outwards  to  the  boshes, 
this  form  being  the  one  mainly  adopted  in  the  recent  forms  of  rect- 

1  Traw.  A  I.M.E,  xvii.  p.  131. 

«  The  Mineral  Industry,  1899,  p,  460, 


angular  furnace  employed  in  the  States.  Where  caHt-iron  is  employed 
the  jacket  is  bent  to  correspond  with  the  angle  of  the  boshes,  whilst 
with  wrought-iron  jackets  the  slope  is  uniform. 

The  construction  of  a  furnace  with  cast-iron  water-jackete  is  shown 


Flos.  WI— 8M. 

in  Figs.  327  to  329,  and  that  of  a  furnace  with  wrought-iron  jackets 
in  Figs.  330   to  332.^     In  the  firet  figures  E  is  the  water-jacket, 
constructed  of  a  series  of  cast-iron  boxes.     The  width  in  the  clear 
■  '  Hofman,  Melalliirgj/  of  Lead. 

VOL.  I  H   H 
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is  6  inches,  and  the  thickness  of  the  iron  J  inch.     The  separate 
sections  are  joined  to  each   other  by   bolts  passing    through  lugs 


y  and  secured  by  nuts.  The  cold  water  flows  through  a  common 
pipe  g  into  the  separate  pipes  A,  and  from  these  into  the  jackets  by  a 
feeder /fastened  on  to  the  outer  wall, 
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The  cold  water  sinks  down  and  the  warmer,  lighter  water  over- 
flows into  a,  trough  y  running  round  the  furnace.   The  air  is  blown  in 
through  the  apertures  o,  o.  The  mud  which  accumulates  in  the  interior 
of  the  jackets  ia  periodically  cleaned  out  through  openings  in  their 
lower  parts,  not  shown  in  the  drawing,  and  which  are   ordinarily 
closed  by  iron  doors.     The  slag  notch  shown  at  n  is  a  bole  made 
through  the  jacket,  and  is  thus  kept  cool  by  the  surrounding  water. 
The  entire  jacket  rests  upon 
the   top   of  the   hearth  walls 
and  its  height  averages  about 
3   feet.      The   centres   of   the 
holes   for  the  tuyeres  are  10 
inches  from  the  bottom  of  the 
jacket,  and   10  inches   above 
this  the  jacket  begins  to  slope 
outwards. 

Figs.  330  to  332  show  the 
arrangement  of  a  furnace  with 
wrought-iron  water-jacket.  F 
is  the  jacket,  o,  o  are  the  holes 
for  the  tuyeres,  /,  /  are  the 
feedere  screwed  on  to  each 
separate  compartment,  the 
latter  discharging  their  warm 
water  through  the  spouts  i,  i. 
There  are  four  separate  com- 
partments forming  the  jacket, 
one  on  each  side  of  the  furnace. 
The  slag  notch  m  is  conical, 
widening  from  21  to  5  inches,  , 

and  is  provided  with  a  water-       ' j  ! I 

jacket  tt.     For   an    American  ^°-  »**■ 

furnace  measuring  3  feet  by 

3  feet  6  inches  at  the  tuyere  level,  and  producing  a  slag  rich  in 

lime,  11  gallons  of  water  per  minute  are  required. 

Circular  furnaces  are  also  fitted  with  both  cast-  and  wrought-iron 
jackets,  wrought-iron  being  principally  used  at  Freiberg  in  the 
States;  as  many  as  twelve  segments  may  be  employed.  The  cold 
water  enters  at  the  lower  part  of  each  segment,  the  hot  water  flow- 
ing away  by  another  tube  from  the  top.  The  water-jacket  of  the 
earlier  Filz  furnaces  at  Freiberg  was  made  up  of  eight  segments,  the 
later  ones  having  twelve  made  of  iron  plate.     They  are  19^  inches 

H  H  2 
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high  and  8  inches  wide  inside.  Figs.  333  to  335  represent  the 
Freiberg  furnace  with  eight  segments.  The  width  in  the  clear  of  the 
cooling  chamber  is  5  inches  for  a  furnace  5  feet  in  diameter  at  the 
tuyeres ;  the  volume  of  water  used  for  cooling  is  22  gallons  a  minute. 
A  furnace  6^  feet  in  diameter  requires  36  gallons  a  minute*^  Water 
cooling  should  always  be  employed  whenever  a  sufficient  supply  of 
clean  water  can  be  procured. 

The  pressure  of  the  blast  varies  according  to  the  nature  of  the 
charge  and  the  size  of  the  fiimace,  from  0*39  to  4  inches  of  mercury. 

The  tuyere  nozzles  vary  from  2  to  3J  inches  in  diameter,  the 
average  size  in  use  in  America  being  3  inches  diameter,  a  tujrere  of 
this  size  sufficing,  according  to  Hahn,^  for  an  area  of  2  square  feet  at 
the  tuyere  level.  In  Freiberg,  4,224  cubic  feet  of  air  are  blown  into 
a  Pilz  furnace  every  minute.^ 

The  blast  is  generally  produced  by  a  blower,  as  these  are  in- 
expensive and  furnish  air  at  the  requisite  pressure.  In  Europe, 
Root's  blowers  are  exclusively  employed,  Baker's  and  the  Cycloid 
blower  being  chiefly  used  in  America  and  Australia.  Latterly,  how- 
ever, Root s  blowers  have  come  into  use  in  the  States.  Enkes 
Precision  blower  has  been  employed  with  good  effect  in  Germany  at 
the  Silberhiitte  near  Alexisbad.  Mention  may  also  be  made  of  the 
improved  Kapsel  blower  of  Elrigar  and  Ihssen,  Hanover. 

The  blast  is  introduced  into  the  furnace  through  tuyeres  or,  in 
some  of  the  water-jacketed  furnaces,  simply  through  holes  in  the 
jacket,  a  wind  chest  running  round  the  jacket  connected  with  the 
main  supply  pipe,  and  the  blast  passing  through  the  holes  without 
the  intervention  of  tuyeres.  This  arrangement,  shown  in  Figs.  330 
and  331,  possesses  the  advantage  of  preventing  any  loss  of  blast. 
The  blast  chamber  is  furnished  on  the  far  side  with  two  openings 
which  can  be  closed  at  will ;  through  the  upper  one  tools  can  be 
introduced  into  the  tuyeres,  whilst  the  blast  and  furnace  gases  can 
be  allowed  to  escape  through  the  lower  one. 

Hot  blast  is  not  advantageous  in  lead  smelting  as  it  is  in  the  case 
of  iron  smelting,  a  high  temperature  not  being  necessary.  The 
saving  in  fuel  which  would  be  effected  by  its  employment  would  be 
more  than  counterbalanced  by  the  increased  loss  of  lead  through 
volatilisation  owing  to  the  high  temperature,  and  there  would  be  the 
danger  of  producing  iron  hears  owing  to  the  reduction  of  metallic  iron. 

Examples  of  furnaces  which  have  been  and  are  actually  in  use 
will  be  found  in  the  following  pages. 

*  Op,  cit.  p.  116. 

«  Mineral  HenQurw  of  the  United  StaUs,  1882,  p.  336,  »  Op.  cU.  p.  116. 
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OLDER  FORMS  OF   FURNACE 


The  earlier  furnaces  in  which  the  charge  wau  introduced  in 
vertical  columns  are  now  generally  replaced  by  large  furnaces 
which  are  charged  in  horizontal  layers,  and  they  consequently  are  onl)' 
of  historical  interest  and  will  be  but  briefly  noticed. 

The  Krummiifen  were  low  furnaces  charged  from  the  floor  levd. 
aquaie  or  trapezoidal  in  horizontal  section  and  provided  with  one  or 


two  tuyeres  at  the  back,  the  charge  being  introduced  in  vertical  layers- 
The  process  was  so  conducted  that  the  furnace  top  was  bright,  and  the 
fiiel  consumption,  loss  of  metal,  and  expenditure  in  wages  were  bH 
high. 

Of  the  older  forms  of  furnace  the  old  Lower  Harz  fiimaee, 
Wellnei'a  modification  of  the  Vogel  furnace,  and  the  Stolberg  furnace 
will  be  briefly  described. 

The  older  furnace  in  use  in  the  Lower  Harz,  shown  in  Figs.  336 
and  337,  was  a  furnace  of  trapezoidal  horizontal  section,  with  tvo 
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tuyeres,  and  with  coatinuous  forehearth  or  well.  The  shaft  was 
gradually  narrowed  by  the  slope  given  to  the  back  wall.  A  ia  the 
hiTDAfX  shaft,  E  the  retaining  walls,  M  a  hood  for  carrying  off  the 
fumes,  R  the  tapping  pot,  K  the  slag  channel,  G  the  forehearth,  F  the 
well,  D  the  tuyere  arch,  and  B  the  charging  door.  At  the  lower  end  of 
the  inner  front  wall  ia  the  so-called  "  zinc  stool  "  {Zinkstuhl).  This 
consists  of  a  horizontal  pUte  of  slate  placed  at  right  angles  to  the 
front  wall,  and  fastened  to  this  is  a  vertical  plate  of  slate.  Charcoal 
is  pnt  on  the  horizontal  plate  and  reduced  zinc  and  some  lead  collect 
there,  the  reduced  metals  Howing  through  a  spout  in  the  front  wall 
to  a  small  well  placed  outside  the  furnace.     When  coke   replaced 


charcoal  as  fuel,  zinc  no  longer  condensed  in  the  Zinkstuhl  on  account 
of  the  higher  temperature  and  the  increased  amount  of  carbon 
dioxide  produced,  this  gas  exerting  an  oxidising  action  on  the 
zinc. 

The  oil  and  fuel  were  charged  in  vertical  columns,  the  ore"  at  the 
back,  the  fuel  at  the  front.  The  blast  pressure  was  1  inch  of  mer- 
cury. The  process  was  carried  on  with  a  hot  top  in  order  to  volatilise 
the  zinc  in  the  ore.  The  furnaces  treatetl  about  TJ  tons  of  ore  or  12 
tons  of  total  charge  per  day,  but  the  campaign  only  lasted  10  or  1'2 
days,  as  by  that  time  the  furnace  had  become  so  constricted,  owing  to 
zinciferous  deposits,  that  regular  working  was  impossible.  These 
furnaces  are  now  replaced  by  the  circular  furnaces  described  on 
page  474. 
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Wellner's  modification  of  Vogel's  furnace,  formerly  in  use  at 
Freiberg,  is  represented  in  Figs.  338  and  339.  Wellner  modified 
the  furnace,  by  introducing  a  partition  wall  b,  in  order  to  secure  a 
regular  descent  of  the  vertical  columns  of  fuel  and  ore ;  k,  I,  and  m  are 
channels  to  carry  away  any  moisture  from  the  foundatioDS,  /i  is  a  slag 
foundation,  and  resting  on  it  are  layers  of  loam  g  and  of  brasque  e, 
the  furnace  well  being  made  out  of  the  latter ;  n  is  the  slag  channel, 


i.  i  are  the  vertical  furnace  sides,  f  is  the  front  wall  sloping  outivards 
from  the  top,  o  is  the  breast  wall,  r  the  tuyere  arch,rf,rf  the  charging 
openings,  and  /,fthe  tuyeres.  This  furnace  is  now  replaced  by  the 
Pilz  furnace  described  on  pages  468  and  474. 

The  Stolberg  furnace,  also  formerly  in  uae  at  Freiberg,  is  shown 
in  Figs.  340  to  342.  This  is  a  furnace  of  trapezoidal  section, 
diminishing  towards  the  base  and  funiished  with  a  sump  or  well ;  k 


is  ihe  lining  of  the  shaft,  r  the  retaining  wall,  iS'  the  sump,  and  S  the 
forehearth  ;  M,  M  are  two  tapping  pots  n>ade  of  brasque,  S,  N 
are  the  tuyeres  in  the  back  wall,  z  is  the  charging  opening,  and  W,  W 
are  drainage  channels  to  keep  the  foundations  dry.     These  furnaces 
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have  also  been  replaced  by  Pilz  furnaces.  The  history  of  the  Freiberg 
shaft  furnaces,  which  begins  with  the  year  1160,  has  been  written  by 
Kochinke.^ 


RECENT    FURNACES 

Recent  furnaces  are  either  circular  or  rectangular  in  section.  If  a 
large  output  is  required,  rectangular  furnaces  have  the  advantage 
over  circular  ones. 

The  Freiberg  or  Pilz  furnace,  the  Przibram  furnace,  and  the 
recent  furnaces  in  use  in  the  Lower  Harz  will  be  taken  as  examples 
of  circular  furnaces,  and  the  Raschette  and  modem  American  furnace 
of  those  of  rectangular  section. 

The  Freiberg  or  Pilz  furnace  with  eight  tuyeres  has  already  been 
figured  (Figs.  333  to  335).  In  these  illustrations  8  is  the  shaft,  C  the 
inner  lining  surrounded  by  boiler  plate,  f ,  v  are  cast  iron  columns 
carrying  the  iron  jacket  and  most  of  the  brickwork.  T  is  the  crucible 
with  walls  of  fire-brick,  n,  n  are  spouts  for  running  off  the  matte, 
speiss,  and  lead  into  vessels  o,  o  placed  to  receive  them,  m,  m  are 
slag  spouts  through  which  the  slag  flows  alternately.  The  water- 
jacket  g  is  composed  of  8  hollow  iron  segmental  boxes  bolted  together 
so  as  to  form  a  circle,  each  section  being  8  inches  wide  and  20  inches 
high.  The  nozzles  y,  y,  are  short  tubes  passing  through  holes  in  each 
water-jacket,  i^?  is  a  cylinder  of  iron  plate  hanging  in  the  throat  of  the 
furnace,  the  furnace  gases  passing  round  it  and  away  through  the 
flue  p.  The  entire  shaft  is  26  feet  high,  6  feet  6  inches  in  diameter 
at  the  throat,  and  5  feet  in  diameter  at  the  tuyere  level.  The  newer 
furnaces  possess  12  tuyeres  instead  of  8,  their  height  from  the  hearth 
to  the  top  varies  from  17  to  27  feet  8  inches,  the  diameter  at  the 
tuyere  level  is  5  feet,  and  at  the  throat  6  feet  7  inches.  In  24  hours 
25  to  35  tons  of  ore  and  the  same  amount  of  slag  are  put  through 
with  a  blast  pressure  of  nearly  1  inch  of  mercury.  One  ton  of  coke 
is  required  for  every  15  tons  of  charge,  the  charge  containing  on  an 
average  20  to  30  per  cent,  of  lead  and  10  per  cent,  of  zinc. 

The  majority  of  lead-smelting  furnaces  on  the  Continent  are 
constructed  on  the  type  of  these  furnaces,  first  designed  by  the  late 
Bergrath  Pilz  of  Freiberg  and  called  after  him. 

The  development  and  capacities  of  the  Freiberg  shaft  furnaces  from 
Wellner's  furnace  is  shown  in  the  following  table.^ 


1  r,  Freiberger  Jahrbuch,  1899,  pp.  107-138. 

*  Kochinke,  JaJirb,  /.  Berg,  u,  HiUUntoesen  t.  Kgreh.  Sachten,  1899,  p,  136. 
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It  should  be  mentioned  here,  that  ores  smelted  in  Freiberg  are 
partly  drawn  from  abroad,  owing  to  the  arrested  development  o( 
neighbouring  mines.  These  ores  contain  more  zinc,  antimony,  and 
tin  than  the   native   ores,  and   consequently  the   furnaces  are  less 


efficient  than   they  would   have  been  with  the  purer  native  ores. 
Experience  at  the  Muldener  Works  shows  a  diminution  in  eflSciencj 
of  from  25  to  30  per  cent,  due  to  this  reason.' 
'  Kochinke,  op.  fil.  p.  119, 


At  the  Halsbrtlcke  works  near  Freiberg,  a  furnace  is  at  present 
working.  6  feet  in  diameter  with  two  rows  of  tuyeres,  12  in  each  row. 
The  lower  row  is  2-5  feet  above  the  crucible,  the  upper  row  3  inches 
higher,     A  similar  furnace  is  being  built  at  the  Muldener  Works. 

The  Przibram  (Bohemia)  furnace  illustrated  in  Figs.  343  and  344 
has  an  inner  lining  enclosed  in  a  retaining  wall,  8  tuyeres,  and  3  sets 
of  hollow  cast-iron  cooling  rings  placed  one  above  the  other ;  the  lead 
is  continuously  withdrawn  from  the  furnace  by  means  of  Arents's 
automatic  tap ;  /  ia  the  alag  spout,  d,d  are  the  supporting  columns, 
and  b,  b  supports  for  two  blast  pipes,  which  are  not  carried  like  the  others 
by  the  supporting  columns :  a  thick  iron  plate  forms  a  foundation 
for  the  interior  of   the   furnace 

and  the  hearth  is  constructed  out  '■  f^ 

of  brasque.  In  such  a  furnace, 
29  feet  high,  4  feet  7  inches  in 
diameter  at  the  tuyere  level,  and 
with  a  blast  pressure  of  1  ^  inches 
of  mercury,  8  tuyeres  of  2J  inches 
diameter  are  used,  31  tons  of  a 
charge  containing  22  tons  of  ore 
can  be  smelted  in  24  hours,  1639 
tons  of  coke  and  155  bushels  of 
charcoal  being  consumed. 

The  modem  Lower  Harz 
furnace  for  smelting  highly 
zinciferous  ores  containing  heavy 

spar  is  shown   in   Figs.  345   to  *    j    ;    ;    ^        ]        y 

350.  It  is  provided  with  a 
fixed  forehearth  or  well  hollowed  ^"^  ***■ 

out  of  brasque,  this  being  used 

on  account  of  the  large  amount  of  zinc  present,  and  has  5  tuyeres, 
the  tuyere  level  being  14  inches  above  the  hearth.  The  total 
height  of  the  furnace  is  19  feet  6  inches,  and  18  feet  4  inches 
from  the  tuyere  level  to  the  throat.  Above  the  tuyeres  the  furnace 
widens  so  as  to  allow  for  the  contraction  inevitable  owing  to  accretions 
caused  by  the  zinc ;  the  diameter  of  the  furnace  is  20  inches  at  the 
base,  39  inches  at  the  tuyere  level,  widening  to  49  inches  at  a  dis- 
tance of  3  feet  above  the  tuyeres,  and  narrowing  again  to  39  inches  at 
the  throat.  The  furnace  is  made  narrower  at  the  throat  in  order  to 
increase  the  velocity  of  the  gases  there  and  so  carry  off  the  zinc 
vapour  quickly,  with  the  object  of  preventing  as  far  as  possible  the 
deposition  of  furnace  calamine.    The  waste  gases  pass  out  of  the 
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furnace  through  a  tube  suspended  in  the  centre  of -the  throat.    The 
blast  pressure  amounts  to  IfV  to  1|  inches  of  mercury.     ThereareDo 


water-jackets ;  the  tuyeres  are  spray  cooled,  inclined  at  an  angle  of 
3°,  and  2  inches  in  diameter^t  the  nozzle.     In  a  furnace  of  this  kind 
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8  to  10  J  tons  of  ore  are  treated  in  24  hours,  with  a  coke  consumption 
amounting  to  20  per  cent,  of  the  weight  of  the  ore.     A  successful 


METALLURGY 


furnace  erected  by  Kloz  for  smelting  orea  containing  zinc  (Zn.  18/^, 
Pb.  7^),  and  made  up  of  water-cooled,  cast-iron  segments,  has  been 
described  in  the  Engineering  and  Mining  Journal,  2nd  Sept.  1900. 


The  Raschette  furnace  was  the  first  of  the  rectangular  furnaces, 
and  is  called  after  its  inventor.    It  has  two  shorter  vertical  sides  and 


two  longer  inclined  ones,  and  is  provided  with  two  receivers  for  the 
molten  products  in  front  of  the  two  shorter  end  walls.  It  is  generally 
constructed  as  a  well  furnace  with  a  brasque  hearth  and  has  two  wells, 


one  at  each  shorter  end  of  the  hearth,  which  is  consequently  saddle- 
shaped.  The  tuyeres  are  usually  placed  alternately,  five  on  each  of 
the  longer  sides,  either  in  a  plane  parallel  to  the  sloping  surface  of 
the  hearth  or  horizontally,  and  the  furnace  is  often  furnished  with  an 
VOL.  I  1  i 
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additional  tuyere  id  each  of  the  shorter  ends.  The  construction  of 
the  first  Baschette  furnace  is  shown  in  Figs.  351  and  352,  which 
represent  the  one  erected  at  the  Altenau  Works  in  the  Upper  Harz; 
e,  e  are  the  two  wella,  v,  v  the  two  working  ends.  A,  k  are  passages 
in  them  for  carrying  the  lead  fume  into  the  flues,  c,  c  are  the  tuyeres, 
and  a  is  the  throat. 

From  the  hearth  to  the  tuyeres  is  2  feet  8  inches  and  from  there 
to  the  throat  16  feet  6  inches.     The  interior  of  the  furnace  measures 


rfn;{!ii: 


3  feet  2J  inches  hy  6  feet  7  inches  at  the  tuyere  level,  and  4  feet 
5  inches  hy  7  feet  at  the  throat.  The  blast  pressure  used  vanes  from 
yr  to  3  of  an  inch  of  mercury  and  the  10  tuyeres  were  each  2  inches 
in  diameter.  At  the  present  time  the  tuyeres  are  placed  in  one 
horizontal  plane  and  not  in  the  inclined  plan  as  shown  in  the  drawing. 
The  furnace  smelts  10  tons  of  roasted  ore  in  24  hours  using  32  per 
cent,  by  weight  of  coke. 

The  construction  of  the  American  furnaces  has  already  been 
illustrated  by  the  drawings  on  pages  465  and  466. 

The  furnace  in  use  at  the  Globe  Smelting  Works  at  Denver  in 


Colorado  erected  in  1891  and  visited  by  the  author  in  1892  is  shown 
in  the  accompanying  Figs.  353  to  355.     It  is  provided  like  all  modern 


American  furnaces  with  a  water-jacket  and  automatic  tap.     Outside 
the  inner  lining  it  has  thick  retaining  walls  of  masonry  r,  thickened 
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below  and  supported  on  cast-iron  columns.  By  increasing  the  thickness 
of  the  lower  part  of  the  retaining  walls  a  considerable  saving  of  fuel 
is  effected,  and  at  present  all  the  American  furnaces  are  being  built 
in  this  way.  w  is  the  water  jacket,  h  the  hearth,  c  the  Arents  tap 
with  the  enlargement  6,  /,  I  are  the  lugs  by  which  the  separate  sections 
of  the  water-jacket  are  fastened  together,/,  /  are  the  holes  for  the 
tuyeres,  h  is  the  blast  main,  and  x,  x  the  tuyere  pipes.  The  main  water 
supply  comes  through  the  pipe  y,  being  delivered  to  each  separate 
compartment  by  pipes  z.     The  slag  runs  off  through  a  hole  n  in  the 
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water-jacket  v,  /  are  openings  for  cleaning  out  the  jackets,  w  and  «r' 
are  slag  spouts,  o,  o  are  the  tie  rods  binding  together  the  masonry  of 
the  shaft,  and  -4,  A  are  the  cast  iron  plates  enclosing  the  hearth. 

The  furnace  has  a  height  of  14  feet  8  inches  from  the  tuyere  level 
to  the  throat,  the  water-jacket  is  3  feet  5  inches,  the  crucible  2  feet 
6i  inches  high,  and  at  the  tuyere  level  the  furnace  measures  10  feet 
by  2  feet  6  inches.  There  are  1 2  tuyeres,  6  in  each  of  the  longer 
sides. 

A  very  similar  furnace,  in  use  in  Colorado,  is  shown  in  Figs.  356  to 
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360 ;  this  measures  8  feet  4  inches  by  3  feet  internally,  the  other 
dimensions  being  shown  in  the  illustrations. 

One  of  the  largest  furnaces  of  this  kind  was  in  course  of 
construction  at  the  Globe  Smelting  Works  at  the  time  of  the 
author's  visit  to  Colorado.  It  was  11  feet  8  inches  by  .1  feet  6  inches 
at  the  tuyeres,  with  a  height  of  18  feet  from  the  tuyeres  to  the  throat, 
and  had  7  tuyeres  in  each  of  the  longer  sides. 

The  newer  furnaces  at  the  Omaha  and  Orant  Smelting  Works  at 
Denver,  visited   by  the  author  in  1892,  had   a   height   of  13   feet 
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8  inches  from  tuyere  to  throat,  10  inches  from  the  centre  of 
the  tuyeres  to  the  bottom  of  the  water-jacket,  and  a  hearth  height  of 
2  feet  6  inches.  At  the  tuyere  level  it  measured  H  feet  4  inches  by 
2  feet  8J  inches.  Each  side  of  the  rectangle  widened  out  from  the 
narrow  part  just  above  the  tuyeres  towards  the  throat  to  the  extent 
of  4  inches.  The  hearth  was  built  of  fire-brick,  like  the  hearths  of 
all  American  furnaces,  and  not  of  brasque.  There  were  11  tuyeres,  5 
in  each  longer  side  and  one  in  the  back  wall,  each  of  3J  inches 
diameter.     The  water-jacket  was  built  up  of  14  cast-iron  segments 
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and  the  furnace  was  capable  of  smelting  60  tons  of  charge,  of  which 
40  tons  were  ore,  in  24  hours,  the  blast  pressure  being  1|  inches 
of  mercury,  and  the  fuel  used  being  30  per  cent,  by  weight  of  the  ore 
in  coke  and  5  per  cent,  of  charcoal. 

The  largest  shaft  furnace  in  Utah  has  an  area  at  the  tuyeres  of 
14  feet  4  inches  by  3  feet  8  inches,  and  is  19  feet  8  inches  from  the 
tuyeres  to  the  throat.^  At  Dapto  in  Australia  furnaces  have  been 
built  with  water-jackets  from  top  to  bottom.  At  the  tuyere  level  the 
measurements  are  14  feet  4  inches  by  4  feet  8  inches.  These  furnaces 
are  said  to  work  oflF  125  tons  of  ore  in  24  hours.  Working  results 
have  not  yet  been  published.^ 


The  Smelting  Process 

The  manner  of  working  varies  with  the  character  of  the  ores  and  of 
the  fuel,  as  well  as  with  the  shape  and  size  of  the  furnace,  but  is  usually 
conducted  with  the  ore  and  fuel  charged  in  horizontal  layers  and  the 
throat  dark.  The  amount  of  the  charge  depends  again  upon  the  nature 
of  the  ore  and  fuel,  and  the  size  of  the  furnace ;  as  an  instance,  in  the 
Pilz  furnace  at  Freiberg  which  has  already  been  described  the  charge 
amounts  to  9 '7  cwts.  and  the  coke  to  72  lbs.  The  combined  weight  of 
charge  and  fuel  amounts  to  1000  to  3000  lbs.  in  the  United  States  ; 
the  higher  figure  is  most  general.  The  charge,  fuel,  and  the  blast 
pressure  for  a  given  tuyere  area  are  so  adjusted  that  the  resulting 
slag  shall  not  contain  more  than  0*5  per  cent,  of  lead.  In  exceptional 
cases  as  at  Freiberg,  slags  are  purposely  produced  by  quick  working 
which  on  account  of  their  lead  and  silver  content  do  not  permit  of 
their  being  thrown  away,  and  in  such  cases  they  have  therefore  to 
undergo  a  special  slag  smelting,  together  with  materials  rich  in  iron 
and  sulphur. 

If  lead  matte  is  produced  in  the  process  as  well  as  metallic  lead, 
the  slag  generally  contains  some  matte  mechanically  mixed  with  it. 
Loss  from  this  source  can  be  avoided  by  running  the  slag  into  cast- 
iron  pots  in  which  the  heavier  matte  has  a  chance  of  subsiding.  Such 
slag  pots  are  used  in  the  United  States  and  their  general  employ- 
ment is  to  be  recommended.  One  is  illustrated  in  Figs  361  to  363* 
The  cast-iron  slag  pot  runs  on  wheels  and  is  provided  with  a  tap 
hole  3J  inches  from  the  bottom,  strengthened  by  a  flange,  from  which 
a  strengthening  rib  extends  to  the  rim  of  the  pot.     The  height  of  the 

*  The  Mineral  Industry,  1899,  p.  468. 
2  Eng,  and  Min,  Jaum,  17th  Sept.  1898. 
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hole  from  the  bottom  depends  upon  the  amount  of  matte  which 
accumulates  in  the  pot. 

In  these  slag  pots  the  matte  is  allowed  to  settle  to  the  bottom  and 
thus  to  separate  itself  from  the  slag.  The  outer  portions  of  the  slag 
solidify,  enclosing  some  matte,  but  the  slag  in  the  interior  of  this 
thin  crust  remains  fluid  an  I  soon  becomes  free  from  entangled  matte. 
When  this  is  the  case  the  still  molten  slag  is  tapped  oflf  by  means  of 
a  steel  rod,  and  the  matte  and  solid  portions  of  the  slag  remain 
behind.  The  tapped  slag  is  thrown  away,  whilst  the  solidified  shell 
and  the  matte  both  undergo  a  special  slag  smelting  for  the  recovery 
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of  the  lead,  copper,  and  silver  contained  in  them.  The  character  of 
the  products  obtained  at  the  Omaha  and  Grant  Smelting  Work? 
at  Denver  at  the  time  of  the  author  s  visit  may  be  cited  as  an 
example.  Working  in  the  manner  just  described,  the  waste  slag 
contained  IJ  ozs.  of  silver  per  ton  and  0*2  per  cent,  of  lead,  whilst  the 
shell  of  slag  remaining  behind  in  the  pots  contained  4  ozs.  of  silver  per 
ton.  This  was  re-smelted,  together  with  roasted  matte  and  a  small 
amount  of  a  quartzose  ore,  producing  lead  and  a  matte  rich  in  copper. 
For  information  as  to  the  various  slag  pots,  arrangements  for  granula- 
tion and  transportation  of  slags,  etc.,  at  present  in  use  in  the  United 
States,  see  Hofman,  Metallurgy  of  Lead,  p.  268,  et  seq. 
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Care  must  also  be  taken  in  working  the  furnace  to  avoid  the  for- 
mation of  furnace  bears  and  accretions.  The  separation  of  metallic 
iron,  causing  the  production  of  iron  bears,  is  caused  both  by  excess 
and  deficiency  of  silica  in  the  slag. 

Deposits  on  the  furnace  walls,  which  are  especially  liable  to  occur 
during  the  smelting  of  zinciferous  ores,  are  loosened  or  barred  down 
from  above,  after  allowing  the  column  of  the  charge  to  burn  down 
low. 

The  temperature  of  the  water  running  away  from  the  jacket  should 
not  exceed  70°C.  The  volatilisation  of  lead  is  prevented  as  far  as 
possible  by  the  maintenance  of  a  moderate  temperature  and  by 
working  with  a  dark  furnace  top.  The  lead  fume  is  partly  deposited 
amongst  the  cooler  portions  of  the  column  of  material  in  the  furnace, 
and  partly  carried  away  with  the  escaping  gases  and  condensed  in 
suitable  dust  chambers,  or  other  condensing  arrangement,  which 
should  never  be  absent  in  any  lead  smelting  works. 


Products  obtained  by  Smelting  in  the  Blast  Furiiace 

The  products  of  the  roasting  and  reduction  process  are  metallic 
lead,  lead  matte,  slag,  and  in  many  cases  speiss,  also  furnace  residue 
and  flue  dust. 

The  lead,  as  a  rule,  is  argentiferous,  and  if  it  does  not  contain 
too  large  an  amount  of  impurity,  it  is  submitted  to  the  desilverising 
process  and  then  is  refined,  or  if  impure  it  is  refined  before  desilver- 
ising, and  when  necessary  undergoes  a  second  refining  after  that  pro- 
cess. Lead  free  from  silver  is  refined  directly.  The  amount  of  silver 
and  of  other  metals  present  in  the  lead  varies  within  wide  limits,  as 
the  folloMring  analyses  will  show. 


Lead     .   . 

Silver  .  . 
Bismath  . 
Copper 
Antimony 
Iron  .  .  . 
Zinc  .  .  . 
Nickel.  . 
Sulphur   . 


Freiberg. 


95088 
0*47 
0-019 
0-225 
0-958 
0-007 
0-002 


Mechemich. 

Przibram. 

99-513 

97-359 

0-021 

0-423 

0-007 

0-133 

Oil 

0-218 

1-524 

0-03 

0-003 

0-006 

0-001 

^— 

0-001 

0-03 

The  lower  portions  of  the  pigs  into  which  the  lead  is  east  are 
richer  in  silver  than  the  upper  portions,  and  the  portions  at  the 
centre  of  the  top  surface  are  the  poorest  in  that  metal. 
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The  lead  matte  which  is  produced  varies  much  in  its  character 
according  to  the  amounts  of  copper,  sulphur  and  iron  in  the  charge. 
It  seldom  contains  more  than  25  per  cent,  of  lead,  or  more  than 
20  per  cent,  of  copper,  usually  between  5  and  12  per  cent,  of  the 
latter  metal.  If  the  ores  are  argentiferous,  the  matte  will  be  found 
to  contain  silver,  and  to  contain  more  silver  than  corresponds  to 
its  percentage  of  lead  if  the  silver  were  supposed  to  be  all  alloyed 
with  the  lead,  so  that  the  iron  and  copper  sulphides  in  the  matte 
must  take  up  a  part  of  the  silver.  Gold  is  present  in  the  matte  in 
much  smaller  amounts  than  in  the  lead. 

The  composition  of  different  varieties  of  lead  mattes  from  various 
localities  will  be  seen  from  the  following  analyses : — 


Iron  .    . 
Zinc  .    . 

Sulphur 
Silver  . 


Oker. 

I. 

II. 

30-63 

30 

16-35 

15 

16-81 

21 

5-09 

4 

16-38 

18 

Freiberg. 


I. 


8-12 
15 


II. 
40 
1-5 
10 
25 


PbS. 
Cu^S 


Mechernich. 


Fe^S 

NiS. 
SiOa 


9-24 
1-95 
0-40 
32-.34 
51-97 
0-4 
0-31 


015to0-20       002  to 0025 


Przibbam. 

Pb 1116 

Cu 1  50 

Aa 0*55 

Sb 0-93 

Ag 0-105 

Fe 41-31 

Zn 11-55 

MnO 1-40 

SiO 3-06 

CaO 005 

S 22-23 

0 4-79 


As  the  existence  of  a  sub-sulphide  of  iron  is  doubtful,  it  is  better 
to  regard  the  excess  of  iron,  whenever  there  is  not  sufficient  sulphur 
in  a  matte  to  combine  with  the  whole  of  the  iron,  forming  ferrous 
sulphide,  as  being  present  in  the  metallic  state.  That  this  is  the 
case  is  borne  out  by  the  fiict  that  mattes  of  this  character  will 
precipitate  metallic  copper  from  copper  sulphate  solution. 

The  mattes  are  roasted,  and  if  poor  in  copper  are  returned  to  the 
ore  smelting,  but  if  otherwise,  they  are  smelted  either  alone  or  with 
additions  of  rich  slags  or  argentiferous  copper  ores,  the  products  being 
work  lead  and  a  highly  cupriferous  matte,  the  latter  being  subse- 
quently worked  up  for  its  copper  in  a  similar  way  to  copper  regulus. 
The  details  connected  with  the  working  up  of  cupriferous  lead  mattes 


LEAD  491 

will  be  found  under  the  heading  of  the  iron  reduction  process,  and  the 
processes  for  the  extraction  of  the  silver  will  be  dealt  with  under  that 
metal. 

Treatment  of  the  Lead  Matte 

The  roasting  of  lead  matte  is  effected  in  a  similar  way  to  the 
roasting  of  copper  matte  or  regulus,  in  heaps,  stalls,  shaft  or  re- 
verberatory  furnaces,  and  the  same  considerations  influence  the  selec- 
tion of  the  most  suitable  method  of  roasting  as  in  the  treatment  of 
copper  mattes. 

At  Przibram,  in  Bohemia,  Wellner^s  roasting  stalls  are  used,  at 
Freiberg  kilns  and  Wellner's  stalls.  The  stalls  at  Przibram  hold 
from  65  to  140  tons  of  matte,  and  after  three  successive  roastings  the 
sulphur  content  is  reduced  to  8  to  10  per  cent.  The  first  firing  lasts 
48  days,  the  second  43,  and  the  third  33  days,  when  65  tons  are 
roasted,  whilst  with  140  tons  the  times  are  86,  80,  and  70  days 
respectively.  At  Oker,  kiln  roasting  is  also  used,  the  kilns  being 
13  feet  IJ  inches  high,  4  feet  broad,  and  7  feet  7  inches  long,  capable 
of  roasting  4  to  4*5  tons  of  lead  matte  containing  19  per  cent,  of 
copper  in  24  hours.  In  the  United  States,  stalls  and  reverberatory 
furnaces  are  both  used,  the  latter  resembling  the  furnaces  employed  in 
ore  roasting  except  in  being  unprovided  with  a  melting  hearth.  They 
are  40  feet  long  and  14  feet  broad  inside,  the  hearth  being  arranged 
in  four  terraces,  each  capable  of  holding  2j^  tons  of  matte,  and  each 
terrace  has  two  working  doors  on  either  side.  Three  charges  of  roasted 
ore  are  withdrawn  every  24  hours,  and  between  2  and  3  tons  of  coal 
are  used  in  that  time.  At  the  Omaha  and  Grant  works  at  Denver, 
Colorado,  where  a  similar  furnace  is  used,  7J  tons  of  matte  with 
6  per  cent,  of  copper,  8  per  cent,  of  zinc,  4  to  5  per  cent,  of  lead, 
and  60  ounces  of  silver  per  ton,  are  roasted  in  24  hours  with  a  con- 
sumption of  3  tons  of  coal,  two  men  being  required  to  attend  to 
each  furnace. 

Rotating  cylindrical  roasting  furnaces  are  only  rarely  used.  Ac- 
cording to  Terhune,*  a  Brtickner  furnace  at  the  Germania  Works,  Salt 
Lake  City,  Utah,  18  feet  long  and  7  feet  in  diameter,  has  roasted 
8  tons  of  lead  matte  in  48  hours,  employing  the  labour  of  one  man 
in  each  eight-hour  shift,  consuming  about  20^  per  cent,  of  coal,  and 
reducing  the  sulphur  in  the  matte  to  4  to  6  per  cent. 

The  roasted  matte  is  either  smelted  together  with  the  roasted  ores 
in  the  ore  furnaces  or  in  a  special  furnace  by  itself,  the  furnaces  re- 
sembling those  previously  described,  though  usually  of  smaller  size  and 

'  TraM,  A.I.M.E,,  xvi.  p.  19. 
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in  many  cases  being  arranged  as  Spurofen,  where  the  molten  products 
do  not  collect  in  the  furnace  but  flow  out  as  fast  as  they  are 
formed. 

At  Freiberg,  the  roasted  matte  is  smelted,  together  with  rich  lead 
slags  from  ore  smelting,  in  a  Pilz  furnace  similar  to  the  one  already 
described.  The  charge  is  made  up  of  4  cwts.  of  roasted  matte,  6  cwts. 
of  slag,  9  lbs.  of  litharge  or  hearth  from  the  cupellation  furnaces, 
and  35  tons  of  coke,  60  tons  of  this  mixture  being  treated  every  24 
hours. 

At  the  Omaha  and  Grant  works  at  Denver  the  roasted  matte  is 
smelted  with  the  richer  slag  that  forms  the  solid  outer  shell  of  the  slag 
pots,  in  a  furnace  of  the  same  size  as  the  ore  furnace  but  arranged  as 
a  Spurofen,     The  charge  is  made  up  as  follows : — 

600  pounds  of  slag 

300       „         „  roasted  matte 

30      „         „  siliceous  lead  and  silver  ores 
120      „         „  coke 

20       „        „  charcoal 


Every  24  hours  104  tons  of  charge  are  worked  oflf  with  a  produc- 
tion of  2  tons  of  lead,  carrying  600  ounces  of  silver  per  ton,  and  8  tons 
of  matte  with  20  per  cent,  of  copper,  4  per  cent,  of  lead,  and  100 
ounces  of  silver  per  ton.  The  matte  is  worked  up  for  its  copper,  lead 
and  silver,  and  the  slag  is  taken  off  in  pots  with  tapholes,  the  slag 
tapped  from  these  being  thrown  away,  whilst  the  shells  remaining  in 
the  pots  go  to  the  ore  smelting. 

Speiss  if  produced  in  any  quantity  is  roasted  in  order  to  drive  off 
as  much  of  the  arsenic  and  antimony  as  possible,  and  is  then  smelted 
with  metallic  sulphides  in  shaft  furnaces  producing  work-lead,  matte, 
and  a  further  small  amount  of  speiss,  which  is  again  treated  in  a 
similar  way.  The  slags  have  already  been  described  (page  450).  If 
they  contain  sufficient  lead  and  silver,  they  are  smelted  separately  or 
together  with  matte  or  ore,  whereby  their  silver  and  lead  are  obtained 
partly  in  the  work-lead,  partly  in  the  matte  produced. 

The  roasting  and  reduction  method  is  carried  on  at  the  smelting 
works  at  Freiberg  in  Saxony,  Langelsheim  and  Astfeld  in  the  Lower 
Harz,  Altenau  in  the  Upper  Harz,  Ems,  Braubach,  Mechemich, 
Stollberg,  Call,  Conimern,  Ramsbeck,  MUsen  and  Tarnowitz  in  Prussia, 
Silberhiitte  near  Alexisbad,  Przibram  in  Bohemia;  at  La  Pise, 
Pontgibaud  and  Vialas  in  France,  Pertusola  near  Spezzia  in  Italy, 
in  the  provinces  of  Murcia  and  Almeria  in  Spain,  at  Fahlun  in 
Sweden,  and  in  the  Western  States  of  North  America  (Colorado, 
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Utah,  Nevada,  Montana),  as  well  as  in  Mexico,  Australia  and  Japan. 
Some  examples  of  the  various  methods  of  working  will  be  found  in 
the  pages  immediately  following. 


Smelting  at  the  Sophien  Works,  near  Langelsheim,  and  the  JtUiits 

Works  near  Ooslar 

The  lead  ore  of  Rammelsberg,  near  Goslar,  containing  zinc  blende, 
is  treated  at  these  works.  After  being  roasted  three  times  in  heaps 
(page  424),  the  zinc  sulphate  formed  is  extracted  with  water, 
and  the  remaining  ore  is  smelted  in  the  modern  form  of  furnace 
described  on  page  474.  The  average  composition  of  the  ore  is  as 
follows : — 

Lead  oxide 9     per  cent. 

Zinc  oxide 25 

Iron  oxide 25 

Sulphur  (partly  as  SO3)  .  5 

Barium  sulphate     ...  20 

Copper 0'75       „ 

Silver 0015     „ 


Basic  iron  slags  from  Oker  are  added  to  the  charge  in  order  to 
assist  in  the  slagging  of  the  zinc.  The  charge  is  made  up  of  40  parts 
of  ferruginous  slag  from^^Oker,  100  parts  of  roasted  ore,  10  parts  of 
limestone,  and  40  parts  of  slag  from  a  previous  operation ;  the  ore 
added  is  made  up  of  46  per  cent,  of  lixiviated  smalls  and  54  per  cent, 
of  ore  in  lumps  which  have  not  been  extracted  with  water. 

The  blast  pressure  is  1^  to  1|  inches  of  mercury,  and  there  are 
five  or  six  tuyeres  each  of  2  inches  diameter ;  8  to  10  tons  of  ore 
are  treated  every  24  hours  with  a  consumption  of  20  per  cent,  of  coke. 
The  work-lead  obtained  contains  0*1  per  cent,  of  silver,  the  copper 
going  into  the  slag  as  a  matte ;  such  rich  foul  slag  constitutes 
2  per  cent,  of  the  total  slag  produced  and  contains  5  to  7  per  cent,  of 
lead  in  the  form  of  matte.  It  undergoes  a  single  roasting  in  heaps, 
and  is  then  smelted  for  work-lead,  together  with  various  furnace 
residues,  basic  iron  slags  from  Oker,  and  slag  from  a  previous 
operation. 

The  charge  consists  of  100  parts  of  slag  and  furnace  residues,  45 
of  slag  from  a  previous  operation,  and  five  parts  of  limestone.  In 
addition  to  the  work-lead  a  certain  amount  of  foul  slag  is  produced 
which  is  again  smelted  in  the  same  way,  and  a  large  amount  of  poor 
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slag  which  is  thrown  away  as  it  only  contains  i  to  }  per  cent,  of 
lead  ;  it  has  the  following  composition  : — 

Silica 16*9     per  cent. 


KJXfl.VC«            •             .             .             .             . 

Ferrous  oxide      .     . 

.     35  05 

Zinc  oxide      .     .  *  . 

.     19-64 

Barium  sulphate 

.     10-24 

Alumina    .... 

6-31 

Lime 

605 

)) 


>» 


it 


>» 


11 


A   sample   of  slag   produced   in  1887   had  the  following  com- 
position : — 


Silica     . 

Alumina 

Baryta  . 

Lime 

Magnesia 

Ferrous 


oxide 


12-87 
312 

23-40 
210 
0-72 

20-64 


Zinc  .  . 
Lead  .  . 
Copper  . 
Manganese 


20-25 
0-77 
0-87 
1-48 


Sulphur 6*40 


The  flue  dust  rich  in  zinc  is  collected  in  flues  and  chambers 
attached  to  the  furnace.  It  contains  considerable  quantities  of  lead 
and  is  treated  with  sulphuric  acid,  the  zinc  dissolving  and  the  lead 
remaining  as  oxide  and  sulphate  in  the  residue  which  is  added  to  the 
ore  furnace  charge. 

Lead  Smelting  at  Freiberg 

At  the  two  Freiberg  smelting  works — the  Mulden  works  and  the 
works  at  Halsbriicke — the  roasted  lead  ores  are  smelted  together  with 
silver  and  argentiferous  copper  ores,  the  greater  part  of  the  silver 
being  obtained  in  the  work-lead,  whilst  the  copper  and  a  portion  of 
the  silver  pass  into  the  matte. 

The  following  information  has  reference  to  the  time  when  foreign 
ores  were  not  smelted  along  with  the  native  ores.  The  presence  of 
large  quantities  of  zinc,  tin  and  antimony  in  the  foreign  ores  has 
lowered  the  efficiency  of  the  furnaces. 

The  lead  ores  contain  15  to  80  per  cent,  of  lead.  Ores  with  15  to 
30  per  cent,  of  lead  are  classed  as  "  leady  ores  "  {bleiische  Erte),  ores 
with  30  to  80  per  cent,  of  lead  as  galena,  the  average  content  of  lead 
being  40  per  cent.,  and  of  silver  035  per  cent.  The  percentage  of 
silver  in  the  ores  which  are  smelted  together  with  the  lead  ores,  varies 
from  0005  up  to  several  per  cent.     These  ores  are  of  four  kinds :— 

1.  Copper  ores  with  1  to  10  per  cent,  of  copper. 
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2.  Zinc  blende.  Blendes  with  more  than  25  per  cent,  of  zinc  are 
treated  by  themselves  for  that  metal,  the  argentiferous  residues 
going  to  the  lead  smelting ;  blendes  with  less  than  25  per  cent,  of 
zinc  are  roasted  and  smelted,  together  with  the  lead  ores. 

3.  Arsenical  pyrites  and  iron  pyrites  containing  varying  amounts 
of  silver. 

4.  "  Dry  "  ores  {Diirrerzc).  This  class  consists  of  silver  ores,  the 
gangue  being  either  quartz  or  quartz  and  pyrites,  the  value  of  the 
silver  in  the  ore  being  alone  taken  into  account. 

A  portion  of  these  ores  is  roasted  in  long-bedded  calciners  {Fort- 
schaufelungsqfen),  and  thereby  freed  from  a  part  of  its  sulphur  and 
arsenic,  the  sulphur  dioxide  produced  being  used  for  sulphuric  acid 
making,  and  the  arsenical  fumes  being  worked  up  for  arsenic  or 
arsenical  compounds. 

The  argentiferous  mispickel  is  heated  in  clay  retorts  {Krilgen)  in  a 
gallery  furnace,  in  order  to  obtain  white  arsenic,  which  volatilises  and 
condenses  in  the  crystalline  state. 

Ores  consisting  of  a  mixture  of  iron  pyrites  and  arsenical  pyrites 
with  20  to  30  per  cent,  of  sulphur  and  10  to  15  per  cent,  of  arsenic, 
are  heated  in  clay  retorts  for  the  manufacture  of  arsenious  sulphide 
(JRothglas),  the  residue  from  this  operation  being  then  roasted  and 
the  sulphur  dioxide  evolved  used  for  making  sulphuric  acid. 

All  ores  containing  25  per  cent,  and  over  of  sulphur,  and  less 
than  10  per  cent,  of  arsenic,  as  well  as  the  residue  still  rich  in 
sulphur  from  the  Rothglas  manufacture,  are  roasted  in  kilns  when  in 
lump  form,  and  the  ore  fines  in  muffle  or  Gerstenhofer  furnaces ;  the 
sulphur  dioxide  produced  is  used  in  the  manufacture  of  sulphuric 
acid.  As  the  ores  contain  a  certain  amount  of  arsenic,  arsenious 
oxide  is  given  off  in  roasting,  together  with  the  sulphur  dioxide,  and 
this  is  as  far  as  possible  condensed  in  leaden  chambers  or  fines,  and 
the  flue  dust  afterwards  worked  up  for  white  arsenic  (Arsenmehl  and 
Weissglas). 

The  charge  for  the  roasting  in  the  reverberatory  furnace  is  made 
up  from  the  ores  thus  prepared,  together  with  raw  ores  containing  lead, 
copper  and  silver,  as  well  as  a  certain  amount  of  residues  containing 
lead  and  silver,  and  flue  dust.  The  mixture  is  so  proportioned  that 
the  charge  contains  on  an  average  20  to  30  per  cent,  of  lead,  20  per 
cent,  of  sulphur,  20  to  25  per  cent,  of  silica,  and  not  more  than  10 
per  cent,  of  zinc,  the  amounts  of  copper  and  silver  present  depending 
on  the  way  in  which  the  charge  is  made  up,  the  amount  of  silver  as 
a  rule  varying  from  01  to  015  per  cent.  In  the  roasting  in  the  rever- 
beratory furnace  the  sulphur  percentage  is  reduced  to  3  or  5  per 
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cent.,  this  amount  being  requisite  to  ensure  the  copper  being  collected 
in  the  matte  as  sulphide.  The  reverberatory  furnace  (Fortschaufel- 
ungsofen)  has  a  hearth  44  feet  2  inches  long  by  10  feet  8  inches 
broad,  the  fireplace  being  9  feet  10  inches  by  21J  inches  (for 
description  and  illustration  see  pages  334-5). 

The  roasting  is  conducted  so  as  to  finally  melt  the  charge,  any 
zinc  sulphide  still  present  being  dissolved  by  the  double  silicate  of 
iron  and  lead  which  is  formed.  The  ore  charges  in  the  furnace 
weigh  1^  tons,  and  one  is  withdrawn,  the  others  moved  up,  and  a 
fresh  charge  introduced,  every  three  hours.  In  24  hours  9  to  12 
tons  of  ore  are  roasted  with  a  consumption  of  26  per  cent,  of  coal, 
the  labour  of  six  men  being  required. 

The  roasted  ores  are  then  smelted  in  the  blast  furnaces  previously 
described  (page  368),  the  furnaces  having  a  height  from  hearth  to 
throat  of  17  to  25  feet,  a  diameter  of  5  feet  at  the  tuyere  level,  and 
of  6  feet  7  inches  at  the  throat,  and  working  with  a  pressure  of  blast 
of  W  of  an  inch  of  mercury. 

The  charge  is  made  up  of  the  roasted  ores  and  slags  from  ore 
smelting  operations,  the  latter  being  easily  fusible  and  sufiiciently 
ferruginous  to  take  up  the  zino  contained  in  the  ores.  The  iron 
necessary  for  the  reduction  of  the  sulphides  contained  in  the  charge 
is  present  as  oxide  in  the  roasted  ores.  At  the  Muldenhiltte  the 
charge  consists  of  ores  and  90  per  cent,  slags,  and  30  to  35  tons  of 
ore  are  smelted  in  24  hours  with  a  coke  consumption  of  5*5  tons. 
Each  furnace  requires  the  labour  of  4  men  per  shift,  1  smelter,  2 
chargers  and  1  slag  wheeler. 

The  furnaces  run  from  3  to  4  years  without  stopping,  in  spite  of 
the  high  percentage  of  zinc  in  the  charge. 

The  process  at  the  Halsbrucke  works  is  identical  with  that 
described  as  being  in  operation  at  the  Muldener  works. 

The  composition  of  the  slag  which  is  formed  has  already  been 
given  (page  450).  On  account  of  its  containing  some  6  per  cent,  of 
lead  it  is  not  thrown  away,  but  usually  undergoes  a  special  slag 
smelting,  together  with  the  matte  produced  during  the  ore  smelting. 
The  work-lead  produced  in  the  process  which  contains  up  to  1  per 
cent,  of  silver  is  desilverised.  The  lead  matte  produced  in  ore  smelt- 
ing contains  15  to  20  per  cent,  of  lead,  8  to  14  per  cent,  of  copper, 
and  014  to  0*2  per  cent,  of  silver.  It  is  first  roasted  in  kilns  and 
then  in  Wellner's  stalls,  and  then  generally  smelted  in  blast  furnaces, 
together  with  the  slag  from  the  ore  smelting  and  some  siliceous 
material,  the  products  being  work -lead  and  copper  matte.  If  the 
Je^  matte   was    sufficiently  rich   in   copper    (10  per  cent.),  the 
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matte  produced  contains  enough  of  that  metal  to  enable  it  to  be 
directly  treated  in  the  reverberatory  furnace,  otherwise  it  is  roasted 
and  again  smelted  in  the  blast  furnace  in  order  to  extract  the  lead 
from  it. 

Speiss  is  sometimes  produced  in  the  ore  smelting.  It  consists 
chiefly  of  arsenide  of  iron,  together  with  nickel,  cobalt,  copper,  lead, 
and  some  silver.  This  is  worked  up,  when  a  sufficient  amount  has 
been  accumulated,  to  a  nickel-cobalt  speiss,  the  further  treatment  of 
which  is  undertaken  at  the  smalt  works. 

The  slag  and  the  matte  from  ore  smelting  are  worked  up  by  a 
special  slag  smelting,  the  process  being  carried  out  in  a  similar 
furnace  to  the  one  employed  in  ore  smelting.  The  matte  is  first 
roasted  in  kilns,  then  in  Wellner's  stalls,  down  to  5-8  per  cent, 
of  sulphur.  The  charge  is  made  up  of  slag,  roasted  matte,  residues 
containing  lead,  and,  if  necessary,  some  unroasted  matte  to  furnish 
sulphur,  the  charge  at  the  Muldenhlitte  in  1891  consisting  of  6  cwts. 
of  slag,  4  cwts.  of  roasted  matte,  and  9  lbs.  of  plumbiferous  additions, 
which  charge  required  77  lbs.  of  coke  for  smelting,  60  tons  being  put 
through  every  24  hours. 

The  products  of  this  smelting  are  work-lead  with  0*4  to  0*7  per 
cent  of  silver,  and  a  matte  known  as  copper-lead  matte  or  slag  matte, 
containing  24  to  30  per  cent,  of  copper,  5  to  8  per  cent,  of  lead,  and 
0*08  to  0*16  per  cent,  of  silver,  together  with  slag. 

The  work-lead  is  desilvcrised,  the  matte  is  roasted  sweet,  leaving 
a  residue  consisting  chiefly  of  copper  oxide  which  is  treated  with 
sulphuric  acid  to  extract  the  copper,  the  residue  being  worked  up 
for  the  silver  it  contains  (see  Silver). 

The  slags  contain  00015  per  cent,  of  silver'and  1*5  per  cent,  of 
lead.  The  richer  portions  undergo  a  second  slag  smelting  in  the 
blast  furnace,  only  with  a  smaller  addition  of  plumbiferous  materials, 
the  charge  at  the  Muldenhiitte  in  1891  being  made  up  of  6^  lbs.  of 
these  additions  and  6  cwts.  of  slag,  requiring  77  lbs.  of  coke  for 
smelting,  36  tons  being  treated  in  24  hours.  In  addition  to  the 
work-lead  produced,  which  goes  to  the  desilverising  process,  a  poor 
slag  with  29  per  cent,  of  silica,  37  per  cent,  of  ferrous  oxide,  9  to  11 
per  cent,  of  zinc,  1*5  per  cent,  of  lead,  and  0009  to  00015  per  cent, 
of  silver  is  formed,  which  is  thrown  away. 

In  matte  smelting  a  speiss  is  usually  produced  containing  iron, 
lead,  copper,  nickel,  cobalt  and  silver.  This  is  roasted  and  then 
smelted  with  slags  in  a  blast  furnace,  producing  work-lead,  matte  and 
a  second  speiss.  This  is  again  roasted  and  smelted,  and  yields  now  a 
speiss  with  005  per  cent,  of  silver,  15  to  20  per  cent,  of  nickel  and 
VOL,  J  ^  IC 
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cobalt,  and  20  per  cent,  of  copper,  which  is  sold  to  the  Saxon  cobalt 
blue  (smalt)  works. 

Svuliing  at  Mechemich 

At  Mechernich,  the  so-called  Knottenerz  from  the  Bunter  sand- 
stone is  smelted.  It  consists  of  a  sandstone  containing  disseminated 
galena  in  pieces  of  the  size  of  peas  to  hazel  nuts,  and  also  contains 
some  lead  carbonate. 

The  dressed  ore  is  first  roasted  in  the  Fcn^tschaufehings  furnace 
and  melted  at  the  end  of  the  roasting,  the  sulphur  content  being 
reduced  to  0*6  to  07  .per  cent.  The  roasted  ore  has  the  following 
composition : — 

Lead 6208 

Copper 014 

Antimony 0*08 

Iron 0-56 

Lime 1-28 

Alumina        4*24 

Silica 22-77 

Sulphur 0-60 

It  is  smelted  in  rectangular  blast  furnaces,  together  with  ferru- 
ginous materials  (tap  cinder,  haematite)  and  limestone.  The  products 
are  work-lead  with  002  per  cent,  of  silver,  and  a  matte  forming  \\  to 
2  per  cent,  of  the  weight  of  the  lead  obtained,  and  containing  61  per 
cent,  of  iron,  8  per  cent,  of  lead,  and  0*8  per  cent,  of  copper.  As 
soon  as  a  sufficient  quantity  has  accumulated,  it  is  roasted  in  stalls 
and  then  smelted  by  itself  for  the  lead  it  contains.  The  slags  contain 
33  per  cent,  of  silica,  37  per  cent,  of  ferrous  oxide,  21  per  cent,  of 
lime,  8  per  cent,  of  alumina,  and  0*3  to  0*5  per  cent,  of  lead.  If  they 
contain  more  than  0*7  per  cent,  of  lead,  they  are  added  to  the  first 
ore  smelting. 

Smelting  at  Altenau  in  the  Upper  Harz. 

The  ore  is  a  galena  with  11  to  13  per  cent,  of  quartz.  It  is  first 
roasted  in  a  long-bedded  calciner  (60  feet  long  by  10  feet  broad, 
with  14  working  doors  on  each  side),  being  finally  melted,  4  charges, 
each  of  1*4  tons  of  ore,  being  drawn  every  24  hours.  Every  ton  of 
ore  requires  018  ton  of  coal,  and  the  labour  of  four  meji  iji  12  hoyrs 
is  necessary, 
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The  roasted  material  is  smelted  in  the  Raschette  furnace  described 
on  page  477,  at  a  blast  pressure  of  \^  to  Jf  of  an  inch  of  mercury, 
together  with  burnt  pyrites,  roasted  matte,  and  slags  from  a  previous 
operation,  the  products  being  work-lead  and  an  argentiferous  copper 
matte. 

In  24  hours  10  tons  of  ore  are  smelted,  with  a  coke  consumption 
of  32  to  34  per  cent.  The  labour  of  2  smelters,  2  chargers  and 
2  slag  wheelers  is  required  per  8  hours  shift. 

The  products  of  the  smelting  are  a  work-lead,  and  a  matte  con- 
taining 3  to  8  per  cent,  of  copper  and  18  per  cent,  of  lead.  This  is 
roasted  in  kilns  and  again  added  to  the  smelting  charge  until  it 
contains  12  per  cent,  of  copper,  when  it  is  treated  for  its  copper 
and  silver.  The  slags  contain  31*86  per  cent,  of  silica,  018  per  cent, 
of  copper,  6*02  per  cent,  of  zinc  oxide,  3003  per  cent,  of  feiTous 
oxide,  and  from  0*5  to  075  per  cent,  of  lead.  Slags  containing  more 
than  0*75  per  cent,  of  lead  are  put  back  again  into  the  furnace. 


Svielting  at  Przihram  in  Bohemia 

At  Przibram,  argentiferous  lead  ores  containing  zinc  blende  are 
smelted  by  the  roasting  and  reduction  process ;  the  average  composi- 
tion of  the  ores  in  the  years  1878  and  1881  was,  according  to 
Dietrich,  as  follows  : — 


T^ad  sulphide 
Zinc  sulphide 
Tin  sulphide  . 
Silver  sulphide 
Pyrites    .    .    . 
Iron  arsenide 
Antimony  sulphide 


1878. 

58*88 
7*59 

0-353 
3-43 
1-02 
1-72 


1881. 

1878. 

1881. 

51-72 

Copper  sulphide  .    .    . 

009      . 

.      0-90 

110 

Ferrous  carbonate  .    . 

7-61      .   . 

.    10-49 

0-03 

Manganous  carbonate 

1-46      . 

1-69 

0-33 

Calcic  carbonate  .    .    . 

2-67      . 

.      2-38 

Magnesic  carbonate    . 

1-55      . 

1-52 

0-63 

Alumina 

1-82      . 

.      2-50 

MO 

Silica 

11-96      . 

.    13-90 

The  ores  are  mixed  so  as  to  contain  50  per  cent,  of  lead,  and 
then  rotisted  in  the  reverberatory  furnace,  previously  described 
(|)age  433),  until  the  sulphur  is  reduced  to  1  per  cent.  Every  6  hours 
1  ton  of  ore  is  drawn  from  the  furnace,  so  that  in  24  hours  4  tons  are 
roasted.  The  fuel  used  in  roasting  is  a  mixture  of  bituminous  coal 
and  lignite,  and  amounts  to  from  35  to  38  per  cent,  of  the  ore. 

The  ore  is  then  smelted,  together  with  limestone  and  ferruginous 
materials,  in  a  circular  blast  furnace,  with  8  tuyeres,  each  22  inches 
diameter,  the  blast  pressure  being  IjV  inches  of  mercury. 

Every  24  hours  22  tons  of  ore  (31  tons  of  charge)  are  treated, 
16*39  tons  of  coke  and  155  bushels  of  charcoal  being  used  to  every 
100  tons  of  ore, 

K  K  2 
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The  work-lead  produced  contains  0*44  per  cent,  of  silver,  and  goes 
to  the  desilverising  process.  The  matte,  of  which  only  a  very  small 
quantity  is  produced,  is  first  roasted  in  stalls,  and  then  added  again  to 
the  ore  smelting  charge.  The  slag  containing  less  than  15  per  cent, 
of  lead  and  0*0023  per  cent,  of  silver  is  thrown  away,  the  richer  slag 
being  worked  over  again. 


Smelting  at  Delivery  Colorado 

The  ores  treated  at  the  Omaha  and  Grant  Smelting  and  Refining 
Company's  Works,  near  Denver,  are  lead  ores  containing  silver,  zinc 
and  copper,  the  average  composition  being  14  per  cent,  of  lead  and 
60  to  75  ounces  of  silver  per  ton,  7  to  10  per  cent,  of  zinc,  and  a 
smaller  amount  of  copper.  Rich  galenas  with  less  than  12  per 
cent,  of  zinc  are  smelted  directly  in  blast  furnaces  without  a  previous 
roasting.  The  other  ores  are  roasted  in  the  reverberatory  furnace, 
previously  described  (page  437),  the  mass  being  fused  down  at  the 
end  of  the  operation  in  the  melting  furnace  attached  to  the  roaster. 

In  24  hours  11  tons  of  ore  are  roasted  down  to  8  per  cent,  of 
sulphur,  3  tons  of  coal  being  used,  and  3  men  being  required  in  each 
shift. 

The  smelting  of  the  roasted  ore  is  carried  on  in  the  rect- 
angular blast  furnaces,  described  on  page  483,  the  charge  consist- 
ing of : — 

250  lbs.  of  roasted  ore. 
80     „     roasted  matte  from  a  previous  operation. 
70     „     oxidised  iron  ore  from  Leadville  (with 
5  to  10  ounces  of  silver  per  ton  and  20 
per  cent,  of  manganese). 
115     „     limestone. 
180     „     slag. 
120     „     coke. 
20     „     charcoal. 


» 


In  24  hours  60  tons  of  charge,  containing  40  tons  of  ore,  are 
treated,  the  blast  pressure  being  \\  inches  of  mercury,  and  the  fuel 
consumption  30  per  cent,  of  coke  or  60  per  cent,  of  charcoal. 

The  products  of  the  smelting  are  lead,  with  300  to  400  ounces  of 
silver  and  3  to  4  ounces  of  gold  per  ton,  2  per  cent,  of  copper,  and 
1  to  2  per  cent,  of  antimony,  this  being  refined  and  its  gold  and  silver 
extracted ;  matte  containing  6  per  cent,  of  copper,  8  per  cei^t.  of 
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zinc,  4  to  5  per  cent,  of  lead,  and  60  ounces  of  silver  per  ton ;  and 
finally  slag  with  IJ  ounces  of  silver  per  ton,  0*2  percent,  of  lead,  and 
8  per  cent,  of  zinc  oxide.  The  matte  is  roasted  in  a  Fortschaufehings 
furnace,  7^  tons  being  treated  in  24  houre  with  the  labour  of  2  men 
per  shift  and  a  consumption  of  3  tons  of  coal.  The  roasted  matte  is 
then  smelted  in  a  blast  furnace  {Sjpurofen),  together  with  the  solidi- 
fied richer  outer  portions  or  shells  of  the  slag,  the  charge  being  made 
up  of: — 

600  lbs.  of  slag  shells. 
300     „     roasted  matte. 

30     „     quartzose  ores. 
]  20     „     coke. 

20     „     charcoal. 


104  tons  of  charge  are  treated  in  24  hours. 

The  lead  obtained  carries  600  ounces  of  silver  to  the  ton  and  is 
desilverised ;  the  matte  contains  20  per  cent,  of  copper,  4  per  cent,  of 
lead,  and  100  ounces  of  silver  per  ton,  and  is  treated  further  for  these 
metals. 

The  slag  is  allowed  to  partially  solidify  in  slag-pots,  the  poorer 
liquid  portions  tapped  off  and  thrown  away,  and  the  solidified  shells 
are  added  to  the  charge  in  either  the  ore  or  matte  smelting. 


Smelting  in  Utah 

At  the  Pennslyvania  Smelting  Works  rectangular  blastfurnaces  are 
used,  the  section  being  140  inches  by  45  inches.  The  height  from  the 
tuyeres  to  the  throat  is  20  feet,  the  number  of  tuyeres  14,  each 
of  3  J  inches  diameter.  The  blast  pressure  is  36  to  40  ounces.  In 
1896  the  charge  contained  18  to  20  per  cent,  of  lead  and  was  made 
up  of: — 

400  parts  carbonate  ores 

200     „     roasted  ores. 

300     „     siliceous  ores. 

600     „     fluxes  containing  lime  and  iron. 

250     „     slags. 

In  24  hours  130  to  160  tons  of  this  mixture  were  put  through,  along 
with  Hi  per  cent,  of  coke,  the  products  being  work-lead,  and  matte 
containing  12  per  cent,  each  of  lead  and  copper,  and  40  ounces  per 
ton  of  silver. 
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The  composition  of  the  slags  was  : — 


.    ,        V OU Ori 

:iaej 
1 18—23 


»• 

if 


Silica 30 — 36  per  cent. 

Ferrous   oxide 
Manganous  oxi 
Lime 
Manganese 

Alumina 3 — 4s 

Zinc  oxide 3 — 5 

Lead i— J 

Silver 0*6 — 0*8  ounce  per  ton 

The  flue  dust  contained  20 — 25  per  cent,  of  lead  and  20 — 25 
ounces  per  ton  of  silver. 


Smelting  in  Spain 

The  roasting  and  reduction  process  is  carried  on  in  the  Spanish 
provinces  of  Murcia,  Almeria  and  Jaen,  where  it  has  almost  displaced 
the  iron-reduction  process  formerly  used.  The  ores,  which  in  part 
contain  considerable  amounts  of  silver,  are  first  roasted  in  single- 
hearthed  reverberatory  furnaces,  and  then  smelted  in  blast  furnaces. 
At  some  of  the  works  (Mazarron,  San  Jacinto  near  Garrucha,  Aguilas) 
large  modern  furnaces  of  circular  section,  cased  with  boiler  plate,  are 
in  use,  but  most  of  the  works  employ  the  Castilian  blast  furnace  of 
circular  section,  with  three  tuyeres.  The  latter  have  almost  displaced 
the  draught  furnaces  which  were  formerly  used,  but,  in  addition, 
square,  rectangular  or  round  furnaces,  with  one  or  two  tuyeres 
are  also  employed.  At  Mazarron,  the  smelting  has  recently  been 
conducted  in  circular  and  oval  furnaces  with  fixed  forehearth^  The 
circular  furnaces  are  6  feet  in  diameter  at  the  tuyeres,  and  9  feet  at 
the  throat,  and  the  vertical  distance  between  the  two  is  18  feet.  Each 
furnace  has  8  tuyeres,  two  inches  across  at  the  nozzle,  with  a  blast 
pressure  of  6  ounces.  The  furnaces  with  oval  section  have  16  tuyeres, 
the  blast  being  produced  by  a  Root  blower ;  the  height  is  29  feet 
and  the  area  at  the  tuyeres  10  by  6  feet.  The  charge  consists  of 
100  tons  roasted  lead  ores,  12  to  15  tons  of  old  iron  slags,  26  to  35 
tons  of  iron  ores,  20  to  25  tons  of  limestone,  and  40  to  50  tons  of  slags 
from  a  previous  operation.  The  circular  furnaces  put  through  in  24 
hours  110  tons  of  charge  containing  50 — 55  tons  of  ore,  the  oval 

'  Collins,  op.  cit.  p.  227. 
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Aimaces  140  tons  of  charge  containing  65 — 70  tons  of  ore.     The 
slags  contain  (per  cent.)  : — 


SiO,     .    . 

.     .     31-94 

KjO.     .     . 

.     .     0-45 

AlA  •     • 

.     .       2-57 

Na,0     .     . 

.     .     0-34 

FeO     .     . 

.     .     35-42 

Pb     .     .     . 

.     .     1-88 

MnO    .     . 

.     .       1-52 

PA-     •     • 

.     .     0-54 

ZnO     .     . 

.     .       1-91 

Ag    .    .     . 

.     .     0001 

CaO     .     . 

.     .     2042 

S      .    .    . 

.     .     1-45 

MgO    .     . 

.     .       0-78 

• 

The  process  of  Huntington  and  Hebelein  has  been  introduced  recently 
at  Mazarron. 

Smelting  at  Pertitsola,^  Italy 

Sardinian  ores  are  largely  used  at  these  works.  The  furnace  is 
23  feet  high  and  7^  feet  in  diameter  at  the  tuyeres;  it  has  15 
tuyeres  arranged  in  two  rows  one  above  the  other.  This  arrange- 
ment is  said  to  produce  greater  heating  in  the  smelting  zone,  a  saving 
in  coke,  and  increased  efficiency  of  the  furnace. 

In  24  hours  215  tons  of  charge  are  worked  off,  and  the  coke  used  is 
8-05  per  cent  of  the  charge.  100  tons  of  charge  produce  33*75  tons 
of  work-lead.     The  composition  of  the  slags  is : — 

MgO 1-80 

PbO 116 

S 103 

Ag 0009 

The  process  of  Huntington  and  Heberlein  is  being  worked  at  present 
in  Pertusola. 


SiO,    .    . 

.     .     26-70 

FeO    .    . 

.     .     32-95 

ZnO    .    . 

.     .     12-88 

CaO    .     . 

.    .     19-71 

AlA  .    . 

.     .      310 

Smelting  at  Port  Adelaide y  AvMralia  ^ 

The  material  smelted  at  the  works  of  the  Broken  Hill  Block  14 
Company  is  prepared  at  the  company's  dressing  works  at  Broken  Hill, 
and  comprises  concentrates  with  55  to  60  per  cent,  of  lead,  8  to  10  per 
cent,  of  zinc  and  25  to  30  ounces  per  ton  of  silver,  slimes  containing  30 
to  35  per  cent,  of  lead,  15  to  20  per  cent,  of  zinc  and  20  to  25  ounces 
per  ton  of  silver,  along  with  carbonate  ores  containing  silica  and  iron. 
Concentrates  and  slimes  are  roasted   together,  until  they  begin  to 

^  Information  from  the  director,  Heir  Heberlein. 
*  Collins,  op,  cit,  p.  228. 
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sinter,  down  to  7  to  10  per  cent,  of  sulphur  in  a  long  bedded  calciner, 
the  hearth  of  which  is  40  feet  long  and  17  feet  wide  and  the  area  680 
square  feet.  Nine  charges  each  of  2760  lbs.  are  put  through  in  24 
hours,  each  charge  remaining  8  hours  in  the  furnace,  the  total  quantity 
present  at  any  time  being  8280  lbs.  The  coal  consumption  is  18 
to  20  per  cent,  of  the  ore. 

The  ores  are  smelted  in  rectangular  shaft  furnaces  160  by  60  inches 
at  the  tuyere  level ;  the  height  above  this  is  14  feet  8  inches.  The 
number  of  tuyeres  is  18,  each  is  3|^  inches  across  at  the  nozzle,  and  the 
blast  pressure  is  12  to  14  ounces.  The  charge  is  made  up  of  250  parts 
of  lead  carbonate  ores,  850  parts  of  roasted  ores,  400 — 500  parts  of 
siliceous  and  ferruginous  fluxes,  100  to  200  parts  of  limestone,  and  200 
to  250  parts  of  slag.  The  lead  content  of  the  charge  is  20  to  30 
per  cent,  and  11  per  cent,  of  coke  is  required. 

One  furnace  put  through  95  to  110  tons  in  24  hours.  The  slags 
contain : — 

Si02    .     .     .     235 — 26  per  cent.  AlgOg    ....     2 — 4  per  cent. 

FeOandMnO    32—34        „  ZnO      ....    15—20     „ 

CaOandMgO    13-15        „  Pb 2-5— 3*5    „ 

Ag 1  ounce  per  ton. 

The  flue  dust  contains  25  to  60  per  cent,  of  lead. 

The  Ferraris  Process 

This  process^  is  intermediate  in  character  between  the  two  already 
described.  The  unroasted  ores  are  first  melted  down  with  coal  in  a 
blast  furnace,  the  hearth  of  which  is  charged  with  molten  lead.  The 
liquid  sulphides  collect  upon  the  lead  bath,  and  are  desulphurised  by 
a  blast  of  air  which  is  blown  at  15  lbs.  pressure  through  the  red  hot 
bath.  The  blast  is  delivered  through  a  cast  iron  pipe,  or  through 
two  pipes  connected  by  a  cross  piece.  The  lead  is  partially  oxidised, 
and  the  oxide  reacts  with  the  sulphide,  with  disengagement  of 
sulphur  dioxide  and  separation  of  lead.  A  crucible  furnace  with 
syphon  tap  is  used  for  this  operation ;  the  hearth  is  built  of  fire- 
brick with  a  covering  of  boiler  plate.  The  blast  works  periodically 
and  is  stopped  when  the  outflowing  metal  shows  the  rainbow  colours 
of  refined  lead.  The  blast  is  then  cut  ofif  until  a  new  sulphide  layer 
has  formed. 

The  advantages  of  this  process  are  said  to  be :  elimination  of  the 
roasting  process,  small  fuel  consumption  due  to  the  heat  developed  by 

1  Imp.  German  Patent,  23  Augiiat,  1898,  No.  102,754. 


LEAD  505 

oxidation,  and  non-formation  of  matte.  The  method  can  also  be 
adopted  for  roasted  ores  if  it  is  desirable  to  avoid  the  matte  stage. 
It  is  used  successfully  at  Monteponi,  Sardinia,  for  unroasted  ores. 
The  furnace  there  is  cooled  by  allowing  water  to  trickle  down  outside 
it,  and  it  puts  through  70  to  80  tons  of  mixed  ore,  coke,  limonite  and 
limestone  in  24  hours,  the  fuel  consumption  being  6*5  to  7  tons  of  coke. 


THE  IRON-REDUCTION  PROCESS  (Niederschlogsarbeit) 

The  iron-reduction  process  has  for  its  object  the  production  of 
lead  from  galena  by  the  action  of  metallic  iron,  which  at  a  certain 
temperature  combines  with  the  sulphur,  forming  ferrous  sulphide. 

The  decomposition  of  lead  sulphide  by  metallic  iron  only  takes 
place  at  high  temperatures,  and  is  incomplete,  because  a  portion  of 
the  ferrous  sulphide  which  is  produced  combines  with  lead  sulphide 
to  form  a  double  iron-lead  sulphide  or  lead  matte,  which  is  the  poorer 
in  lead  the  higher  the  temperature  at  which  the  reduction  is  effected. 

The  iron  is  added  either  as  metallic  iron  or  in  the  form  of  some 
highly  ferruginous  material ;  if  reverberatory  furnaces  or  low  blast 
furnaces  with  the  ore  charged  in  vertical  columns  are  used,  the 
iron  must  be  employed  in  the  metallic  state.  With  taller  blast 
furnaces  charged  horizontally,  oxides  and  basic  silicates  of  iron  may 
with  advantage  be  employed  in  place  of  the  metal,  the  materials  used 
being  red  and  brown  haematites,  spathic  iron  ore,  burnt  pyrites, 
roasted  lead  matte,  tap  cinder  or  refinery  slag.  These  are  reduced 
to  metallic  iron  in  the  furnace,  and  the  iron  formed  reacts  energeti- 
cally with  the  lead  sulphide. 

The  presence  of  other  sulphides,  or  of  arsenic  and  antimony  com- 
pounds in  the  ore,  is  injurious,  as  they  are  reduced  by  the  iron,  and 
thus  not  only  cause  a  waste  of  that  metal,  but  also  alloy  with  the  lead 
and  render  it  impure. 

Copper  and  iron  pyrites  take  up  an  additional  amount  of  iron  and 
increase  the  quantity  of  matte  produced.  Zinc  blende  is  partly 
decomposed  by  metallic  iron  with  the  production  of  vapours  of  zinc, 
and  passes  partly  into  the  matte  and  partly  into  the  slag,  thus  giving 
rise  to  the  same  objections  as  in  the  roasting  and  reduction  process. 

Antimony  sulphide  is  reduced  by  metallic  iron  with  the  formation 
of  ferrous  sulphide,  the  reduced  antimony  alloying  with  the  lead. 
With  excess  of  iron,  a  speiss  consisting  of  an  iron-antimony  alloy  is 
produced.  When  the  charge  contains  arsenious  sulphide,  the  arsenic 
as  well  as  the  sulphur  combines  with  iron,  and  if  present  in  large 
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amounts,  it  gives  rise  to  the  formation  of  a  speiss  carrying  with  it 
copper,  lead  and  silver. 

Theonly sulphideswithout  injurious  influence  on  the  iron-reduction 
process  are  those  of  copper  and  silver.  Copper  sulphide  is  decomposed 
by  iron  to  a  certain  extent,  but  if  it  is  present  in  excess  it  finds  its 
way  undecoraposed  into  the  matte.  Silver  sulphide  is  decomposed  by 
both  iron  and  lead  and  is  found  for  the  most  part  in  the  latter  metal, 
a  smaller  amount  being  taken  up  by  the  matte.  The  silver  is  found 
in  a  considerably  greater  proportion  as  compared  with  the  lead  in  the 
matte  than  in  the  separated  metallic  lead  itself,  and  as  there  is  no 
reason  why  the  lead  of  the  matte  should  take  up  more  silver  than  the 
free  lead,  it  is  necessary  to  assume  that  a  portion  of  the  silver  is  taken 
up  by  the  sulphide  of  iron  in  the  matte ;  this  is  in  accordance  with 
the  known  fact  that  silver  and  iron  sulphides  readily  combine  with 
each  other. 

Of  the  other  foreign  substances  employed  in  the  process,  lime, 
silica  and  the  various  lead  containing  materials  added,  remain  to  be 
considered. 

Lime,  which  is  frequently  present  in  the  ores  and  is  often  pur- 
posely added  in  small  amounts  to  the  smelting  charge,  does  not  act 
directly  on  galena,  or  only  to  a  very  slight  extent.  [According  to 
Berthier  lime  and  carbon  acting  together  partially  reduce  lead 
sulphide,  forming  calcium-lead  sulphide  and  carbon  monoxide  accord- 
ing to  the  equation  : — 

2  PbS  -f  CaO  +  C  =  Pb  -f  PbS.CaS  +  CO]. 

Lime,  however,  causes  a  separation  of  ferrous  oxide  from  ferrous 
silicate  and  the  separated  oxide  being  reduced  to  metal  by  carbon 
effects  a  decomposition  of  the  galena  with  the  production  of  lead  and 
ferrous  sulphide.  It  also  causes  a  separation  of  lead  oxide  from  the 
slags  at  high  temperatures.  The  slag  itself,  as  has  already  been 
mentioned,  is  rendered  less  fusible  by  the  addition  of  lime. 

Silica  is  generally  present  in  the  ores  and  combines  with  the  free 
bases  present  as  well  as  with  the  bases  of  the  basic  slags  added, 
forming  silicates.  Basic  ores  require  an  addition  of  silica  or  acid 
silicates  to  act  as  fluxes. 

Lead  oxide  and  materials  containing  lead  oxide,  such  as  litharge 
and  old  hearths  and  the  mixture  of  oxides  skimmed  from  the  surface 
of  the  molten  lead,  react  together  with  lead  sulphide  as  in  the  other 
processes,  forming  lead  and  sulphur  dioxide.  Any  lead  sulphate  in 
the  roasted  ores  behaves  in  a  similar  way.  The  presence  of  these 
bodies  is  thus  advantageous,  as  they  replace  a  portion  of  the  iron. 
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The  quantity  of  iron  necessary  for  reduction  has  been  found  in  the 
Upper  Harz  to  be  20  to  25  per  cent,  by  weight  of  the  galena  smelted, 
the  theoretical  quantity  being  23*43  per  cent.  If  less  iron  be 
employed  a  smaller  amount  of  lead  is  obtained  in  the  free  state  as 
more  goes  into  the  matte.  If  an  excess  of  iron  be  used,  but  little 
more  lead  is  obtained,  whilst  the  amount  of  silver  in  the  matte 
increajses. 

The  temperature  in  the  iron-reduction  process  must  be  kept  up  to 
such  a  point  that  the  matte  contains  not  more  than  10  per  cent,  of 
lead.  For  this  purpose  the  charge  must  be  so  constituted  as  to  possess 
the  requisite  fusibility,  and  the  smelting  must  be  properly  conducted  in 
suitable  furnaces,  which  may  either  be  reverberatory  or  blast  furnaces. 

The  process  if  conducted  in  reverberatory  furnaces  requires  the  iron 
added  to  be  in  the  metallic  state,  demands  the  consumption  of  a  large 
amount  of  fuel,  and  is  attended  with  a  considerable  loss  of  lead  in  the 
slag  and  by  volatilisation.  Blast  furnaces  are  therefore  generally 
employed,  the  use  of  reverberatory  furnaces  being  quite  exceptional. 
The  former  are  not  only  cheaper  but  on  account  of  their  reducing 
capabilities  allow  of  the  iron  being  added  as  oxide  or  basic  silicates. 

The  slags  produced  in  the  iron-reduction  process  must  be  suflS- 
ciently  refractory  to  approach  more  nearly  to  bisilicates  than  to  mono- 
silicates,  lime,  ferrous  oxide,  magnesia  and  alumina  serving  as  bases. 

The  lead  matte  produced  in  the  process  is  roasted,  whereby  its 
iron  sulphide  is  converted  into  oxide,  and  in  this  condition  it  is  added 
to  the  ore  charge  in  order  that  its  iron  may  be  available  as  a  reducing 
agent.  If  it  contains  a  large  percentage  of  copper,  or  if  its  copper 
content  has  been  brought  up  to  a  certain  amount  by  repeated  treat- 
ment with  the  ores  in  the  furnace,  then  it  is  roasted  several  times 
over  and  smelted  by  itself.  By  this  means  the  lead  together  with 
the  greater  portion  of  the  silver  contained  in  it  are  extracted,  and 
the  copper  with  a  little  silver  forms  a  copper  matte  which  is  subse- 
quently worked  for  its  copper  and  silver. 

The  necessity  for  the  employment  of  a  high  temperature  and  the 
impossibility  of  avoiding  the  formation  of  lead  matte  constitute  the 
chief  disadvantages  of  the  iron-reduction  as  compared  with  other 
processes.  The  maintenance  of  a  high  temperature  necessitates  the 
consumption  of  a  large  amount  of  fuel  and  causes  loss  of  lead  by  volatil- 
isation, whilst  the  lead  matte  requires  a  series  of  operations  to  obtain 
the  silver  and  copper  contained  in  it,  which  operations  are  both  costly 
and  attended  with  further  losses  of  metal.  In  spite  of  the  advantages 
of  the  process,  viz.,  the  absence  of  any  necessity  for  roasting  the  ores  and 
the   consequent  smaller  loss  of  silver,  a  good  yield  of  lead  and  the 
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possibility  of  obtaining  any  copper  in  the  ore — it  has  on  account  of 
the  above-mentioned  drawbacks  been  superseded  in  most  places  by  the 
roasting  and  reduction  process.  As  a  separate  process  it  is  only  rarely 
employed  under  exceptional  local  conditions  as  in  the  Upper  Harz, 
whilst  in  other  places,  particularly  in  the  United  States,  it  is  often 
used  in  conjunction' with  an  oxidising  smelting  of  the  ores  or  with  the 
roasting  and  reduction  process. 

The  furnaces  employed  in  the  process  are  chiefly  tall  blast 
furnaces  charged  in  horizontal  layers.  If  low  furnaces  with  the  ore 
and  fuel  in  vertical  columns  were  used,  the  reduction  of  the  iron  from 
the  oxide  could  not  be  effected,  and  in  such  cases  the  iron  would  have 
to  be  added  in  the  metallic  state.  In  the  Upper  Harz  the  lead 
matte  produced  in  low  furnaces  contained  20  to  30  per  cent,  of  lead, 
whilst  in  a  tall  furnace  with  the  fuel  and  ore  charged  in  horizontal 
layers  it  only  contained  6  to  12  per  cent,  of  lead. 

The  furnaces  are  constructed  similarly  to  those  used  for  the  roasting 
and  reduction  process,  furnaces  of  rectangular  section  being  capable  of 
smelting  a  greater  quantity  in  a  given  time  than  circular  ones.  The 
ores  should  preferably  be  in  a  fine  state  of  division  as  the  decom- 
position, which  demands  intimate  contact  between  the  ore  and  the 
iron,  thus  becomes  move  complete.  Slags  must  be  charged  with  the 
fine  ores  in  order  to  keep  the  furnace  open. 

Charcoal  or  coke  or  a  mixture  of  both  is  employed  as  fuel,  and 
the  pressure  of  the  blast  should  be  kept  as  low  as  possible  in  order  to 
avoid  the  production  of  iron  bears  from  the  richly  ferruginous 
material  added. 

The  iron-reduction  jyrocess  in  the  Upper  Harz 

At  Glaus  thai  and  Lautenthal  in  the  Upper  Harz  the  iron- 
reduction  process  has  reached  a  high  state  of  perfection,  the 
noticeable  features  of  the  process  being  the  high  percentage  of  silver 
obtained  from  the  ores,  the  small  amount  of  lead  which  is  left  in  the 
slag,  the  collection  of  the  small  percentage  of  copper  present  in  the 
matte,  and  the  employment  of  the  roasted  matte  as  a  reducing  agent 
in  the  furnace. 

Recent  analyses  of  the  ores  as  they  leave  the  dressing  works  show 
them  to  have  the  following  composition : — 

Lead       50       to  74      per  cent 

Silver 005  to    012 

Copper 002  to    0*6 

Zinc        0-3    to    7 


II 

n 
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Antimony        002  to    0*3  per  cent. 

Iron        0*4    to    4 

Sulphur 8-5    to  14-2 

Alumina 007  to    1'5 

Lime 02    to    14 

Insoluble  matter  (quartz  and  silicates)  5*9    to  32*4 


it 
ft 

M 
tt 
tt 


The  average  amount  of  quartz  in  the  ore  is  11  per  cent. 

The  process  was  formerly  conducted  in  fixed  fore  hearth  furnaces, 
wider  at  the  bottom  than  the  top,  with  one  or  two  tuyeres,  the  charge 
and  fuel  being  introduced  in  vertical  columns  and  metallic  iron  being 
employed  as  a  reducing  agent.  Since  the  year  1835,  endeavours  had 
been  made  to  substitute  oxides  and  silicates  of  iron  for  the  metal,  but 
this  change  was  only  rendered  possible  in  1864  by  replacing  the  older 
furnaces  by  Raschette  furnaces  and  substituting  coke  for  charcoal  as 
the  fuel,  the  latter  having  been  used  exclusively  up  to  1859.  At  first 
the  material  employed  to  furnish  the  necessary  iron  was  the  slag  from 
copper  smelting  at  Oker  which  contained  17  to  21  per  cent,  of  silica, 
66  to  70  per  cent,  of  ferrous  oxide  and  1  to  2  per  cent,  of  copper, 
the  latter  being  obtained  afterwards  in  the  lead  matte.  More 
recently,  roasted  lead  matte  consisting  mainly  of  iron  oxides  has 
with  advantage  been  substituted  for  the  slag. 

At  first  the  silica  in  the  ores  was  fluxed  by  means  of  copper  slags 
from  the  Lower  Harz,  and  after  these  were  exhausted,  the  residue 
from  the  wet  copper  extraction  process  at  Oker  was  employed.  This 
was  obtained  in  the  course  of  the  extraction  of  copper  from  cupriferous 
pyrites  which  were  submitted  to  an  oxidising  and  chloridising  roast- 
ing, the  copper  chloride  being  dissolved  out  by  lixiviation.  When  the 
works  at  Oker  ceased  to  employ  this  process,  the  necessary  ferruginous 
material  was  obtained  by  using  burnt  pyrites  from  the  sulphuric  acid 
works,  tap  cinder,  hammer  slag  and  brown  haematites ;  these  latter 
materials  are  still  employed. 

Both  Raschette  and  circular  furnaces  are  in  use  for  smelting. 
The  newer  furnaces  are  of  the  type  of  independent  iron -cased  Pilz 
funiaces,  and  have  been  modified  by  Kast  to  suit  the  iron-reduction 
process ;  two  circular  furnaces  have  also  been  built  inside  the  retain- 
ing wall  of  a  Raschette  furnace  (twin  furnaces). 

All  the  furnaces  are  arranged  as  furnaces  with  fixed  forehearths 
on  account  of  the  refractory  character  of  the  charge  with  its  content 
of  zinc.  The  Raschette  furnace  has  already  been  described  and 
illustrated  on  page  481.  One  Raschette  furnace  at  Clausthal  measures 
3  feet  10  iijches  by  7  feet  at  the  tuyere  level  and  4  feet  6  inches  by 
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7  feet  at  the  throat,  the  distance  between  the  two  being  16J  feet  The 
tuyeres  lie  3  feet  above  ground  level,  and  the  sump  is  2  feet  beW  the 
tuyeres.     There  are  12  tuyeres,  5  in  each  of  the  longer  sides  and  ooe 


in  each  of  the  shorter  ends.  The  Raschette  furnace  at  Lautenthn! 
is  22  feet  high,  measuring  3  feet  by  7  feet  5  inches  at  the  tuyeres  and 
4  feet  7  inches  by  7  feet  5  inches  at  the  throat,  with  a  distance  between 
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the  two  of  16  feet  5  inches.  The  tuyeres  lie  20  inches  above  the  lowest 
point  of  the  well  and  5  feet  6  inches  above  the  floor  level.  There  is  the 
same  number  of  tuyeres  as  in  the  Clausthal  furnace,  and  they  are 
similarly  arranged. 

The  older  circular  furnaces  at  Clausthal  are  18  feet  8  inches  high 
from  the  working  floor  to  the  throat,  having  4  tuyeres  and  being 
built  of  masonry.  They  are  3  feet  in  diameter  at  the  tuyere  level, 
and  4  feet  9  inches  at  the  throat,  the  distance  between  the  two  being 
15  feet  9  inches ;  the  lowest  point  of  the  well  lies  27J  inches  below 
the  tuyeres. 

The  new  circular  furnaces  are  provided  with  4  or  5  tuyeres  and 
are  3  feet  in  diameter  at  the  tuyeres  and  5  feet  5  inches  in  diameter  at 


the  throat,  the  height  between  the  two  being  19  fttetund  the  distance 
from  the  tuyeres  to  the  lowest  point  of  the  well  2  feet  6  inches,  the 
several  furnaces  varying  slightly  from  these  dimensions.  The  tuyeres 
are  2§  inches  in  diameter, projecting4inchcs  into  the  furnace, and  the 
pressure  of  the  blast  is  equal  to  |  to  1  inch  of  mercury. 

The  arrangement  of  a  four-tuycred  furnace  in  use  at  Clausthal  is 
illustrated  in  Figs.  364  and  365.  S  is  the  foundation  stone,  a  the  cast- 
iron  foundation  plate,  y  a  bed  of  slag,  surrounded  by  the  brickwork  z, 
X  a  clay  layer  topped  by  brickwork  w,  v  a  layer  of  quartz  sand,  and  u 
the  brasque  hearth  out  of  which  the  well  is  made.  The  brickwork 
r  round  the  lower  portions  of  the  furnace  is  of  ordinary  brick  for  a 
height  of  3  feet,  and  thence  to  a  height  of  3  feet  6  inches  above 
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the  tuyeres  is  made  of  fire  bricks.  Water  blocks  q  surround  the  water 
tuyeres  o,p  are  the  tuyere  pipes,  /  is  the  blast  main,  and  m  is  a  flue 
for  conveying  the  waste  gases  and  dust  into  fume  condensers.  The 
flue  m  is  20  inches  in  diameter  and  projects  downwards  into  the  furnace 
a  distance  of  31 J  inches  ;  n  is  the  fore  hearth,  A  the  tap  hearth,  i  the 
slag  runner,  and  b  is  the  outer  covering  of  iron  plate  lined  with 
brickwork.  A  supporting  ring  a  is  fastened  to  h  and  is  carried  by  the 
columns  d  which  rest  on  the  foundation  S, 

With  suitable  arrangements  and  proper  management  the 
productive  capacity  of  the  Raschette  furnace  can  be  made  nearly 
double  that  of  the  circular  one,  3  to  3J  tons  being  smelted  in  the 
latter  as  against  6  to  6*8  tons  per  24  hours  in  the  former.  The 
circular  furnaces  require  the  labour  of  3  men  per  shift,  1  smelter, 

1  charger  and  1  slagwheeler ;  the  Raschette  furnaces  that  of  6  men, 

2  for  each  duty. 

Circular  furnaces  with  7  tuyeres,  and  one  with  '  9  tuyeres,  are  at 
present  in  use  at  Clausthal.  The  full  height  of  the  furnace  is  20'5 
feet,  the  height  up  to  the  tuyeres  4  feet,  and  thence  to  the  throat 
16*5  feet.  The  diameter,  in  the  clear,  at  the  tuyeres  is  3  feet  3 
inches,  at  the  throat  5  feet.  From  the  tuyeres  upwards,  the  furnace 
widens  8  inches  in  7  feet  4  inches,  and  thence  uniformly  up  to  5 
feet.  The  blast  pressure  is  0*78  to  1*17  inches  of  mercury.  The  slag 
instead  of  being  led  off  through  a  slag  runner,  passes  through  a 
gutter  into  slag  pots.  Two  workmen  are  needed  per  shift  (not 
including  the  chargers),  and  5  tons  are  put  through  in  24  hours. 

The  circular  furnace  with  fixed  crucible  and  without  fore  hearth, 
which  is  used  at  Lautenthal,  is  19  feet  high  and  5  feet  in  diameter 
at  the  tuyeres.  The  horizontal  section  at  the  tuyeres  and  the  crucible 
is  elliptical  in  shape,  the  longer  axis  at  the  former  being  4  feet  4 
inches,  and  the  shorter  axis  2  feet  9  inches.  The  tuyeres  lie  1  foot 
10  inches  above  the  bottom  of  the  crucible,  and  6  inches  above  the 
slag  notch.  The  diameter  of  the  tuyere  nozzles  is  2  inches.  The 
quantity  of  ore  put  through  in  24  hours  is  6*584  tons ;  this  represents 
22*525  tons  of  charge.  In  the  same  time,  9  workmen  are  needed 
for  each  furnace,  3  of  whom  are  smelters  and  3  chargers;  and  in 
addition,  the  3  furnaces  require  a  charging  staff  consisting  of  3  slag 
wheelers,  2  ore  wheelers,  2  matte  wheelers,  and  two  chargers  per 
24  hours. 

As  already  mentioned  the  charge  is  made  up  of  ore,  the  precipitat- 
ing or  reducing  agent,  the  flux  for  the  silica  and  earthy  matter  of 
the  ore,  and  some  material,  usually  slag,  to  prevent  the  pulverulent 
ore  from  choking  up  the  furnace,     Any  waste  material  containing  lead 
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or  silver  is  also  added,  and  at  Clausthal  the  addition  of  limestone 
has  also  been  recently  practised.  The  composition  of  the  charge 
varies  with  the  nature  of  the  material  available  as  a  flux  for  the 
silica  (burnt  pyrites,  tap  cinder,  haematite,  or  mill  cinder).  At  Lauten- 
thal  where  the  work-lead  from  Clausthal  is  desilverised  and  where 
consequently  large  amounts  of  argentiferous  residues  are  produced 
these  are  added  in  considerable  proportions  to  the  ore  charge  in  order 
to  obtain  the  metals  contained  in  them.  At  Clausthal  the  charge  is 
so  compounded  that  the  slags  contain  36  to  41  per  cent,  of  ferrous 
oxide,  10*5  to  11  per  cent,  of  lime,  and  30  to  35  per  cent,  of  silica. 
In  the  year  1900  the  charges  at  Clausthal  were  made  up  as 
follows : — 

50  parts  of  ore. 


30 

i> 

roasted  matte. 

20 

» 

mill  cinder. 

30 

>f 

slag  from  a  previous  operation. 

25 

t9 

matte  slag. 

9 

ty 

limestone. 

5 

*> 

roll  scale. 

The  slag  obtained  from  this  is  called  JRepeiirschlacke.     It  forms  a 
constituent  of  another  charge  which  is  compounded  as  follows : — 


50  parts 

of  ore. 

30      „ 

roasted  matte. 

10      „ 

mill  cinder. 

25      „ 

matte  slags. 

8      „ 

limestone. 

40      „ 

Bepetirschlacke, 

Seventeen  tons  of  the  first  charge  are  divided  into  21  parts  and 
each  is  smelted  with  2  cwts.  of  coke ;  16  tons  of  the  second  charge  are 
similarly  treated.  Thus  the  ore  requires  42  per  cent,  of  its  weight 
of  fuel. 

At  Lautenthal  in  July  1899  the  charge  was  made  up  as 
follows : — 

Roasted  matte 46   tons. 

Burnt  pyrites 98 

Litharge 16 

Cupellation  hearths 1 

Roll  scale 28 

Slag  from  ore  smelting 1287 

Slag  from  matte  smelting 4*3 

VOL.  I  L  L 
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Limestone 17     tons. 

Ore  concentrates 90 

Turnings 0*96 

Tap  cinder 6*2 

Iron 0-8 

Quartz 0*85 

The  working  of  the  process  resembles  that  of  the  roasting  and 
reduction  process.  The  blast  pressure  employed  is  from  J  to  1  inch 
of  mercury.  In  24  hours  6  to  68  tons  can  be  smelted  in  the 
Raschette  furnace  or  the  twin  furnace  (see  page  610),  3  to  3^  tons  in 
the  single  circular  furnace  and  5  tons  in  the  new  circular  Clausthal 
furnace.  The  consumption  of  fuel  varies,  according  to  the  com- 
position of  the  charge  and  the  character  of  the  ores,  from  35  to  43 
per  cent,  by  weight  of  coke,  an  average  of  40  parts  of  coke  being 
used  for  every  100  parts  of  ore. 

Matte  is  produced  in  the  proportion  of  65  to  70  parts  for  every 
60  parts  of  work-lead,  though  at  Lautenthal,  where  a  large  amount 
of  rich  lead  residues  is  added,  more  work-lead  than  matte  is  formed, 
e,g,,  in  the  year  1892-3  for  every  100  parts  of  work-lead  87*5  of 
matte  were  produced. 

The  work-lead  and  matte  are  tapped  out  together  from  the  fore 
hearth  into  a  tap  hearth,  whilst  the  slag  continually  flows  away.  As 
soon  as  the  matte  has  solidified  it  is  lifted  out  of  the  tap  hearth 
and  the  liquid  lead  remaining  is  ladled  into  moulds. 

The  work-lead  contains  on  an  average  014  per  cent,  of  silver, 
and  the  following  analyses  by  Hampe  show  its  composition : — 


Clausthal. 

Lautenthal. 

ClauathaL 

Lautenthal 

Lead  .... 

.    98-2944    . 

.    98-9647 

Iron     .    . 

.    0-0064      . 

.      0-0089 

Copper  .    .    . 

.      01862    . 

0-2838 

Zinc .    .    . 

.    .    00028      . 

.      0K)Q24 

Antimony.    . 

.      0-7203    . 

0-6743 

Nickel .    . 

.    .    00023      . 

.      0-0068 

Arsenic .    .    . 

.      00064    . 

.     0-0074 

Cobalt     . 

.   .    0-00016    . 

.      0-00035 

Bismuth    .    . 

.      0-0048    .    . 

0-0082 

Cadmium    . 

traces     . 

traces 

Silver    .   .    . 

.      0-1412    .    . 

01421 

This  work-lead  is  desilverised  at  Lautenthal,  The  work-lead 
produced  at  Lautenthal  itself  is  richer  in  silver  (0*205  per  cent.). 
The  lead  matte  from  the  iron-reduction  process  contains  on  an 
average  7  to  18  per  cent,  of  lead,  2  to  8  per  cent,  of  copper,  and  0*02 
to  0042  per  cent,  of  silver. 

Lead  matte  also  contains  oxygen,  according  to  Hampe,^  as  is 
shown  by  the  following  two  analyses  of  Clausthal  lead  mattes  pro- 
duced in  1878  and  1877-78  respectively: — 

1  Chemiker-Ztg.  1892,  16,  No.  28, 
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Solphar  . 
Lead  .  . 
Iron  .  . 
Copper  . 
Antimony 
Silver  .  . 
Zino.  .  . 
Manganese 
Nickel .   . 


I. 

23-921 

15-500 

42-940 

6-295 

0-120 

0-014 

6-000 

traces 

0-26 


II. 

25-65 

12-44 

48-64 

3-49 

013 

0035 

4-31 

traces 

0-11 


Silica.  .  .  . 
Alumina  .  . 
Lime  .... 
Magnesia  .  . 
Potash  (K.0) 
Soda  (Na,0) 


I. 

1*56 
0-77 
0156 
0-024 
017 


II. 
1-22 
1-51 
0-51 
005 
013 
010 


.    0-28      . 
Sulphur  trioxide ,    0*22    not  estimated 
Oxygen   .  •  .  .      1-60     .   .       203 


99-76 


100-355 


The  amount  of  sulphur  in  the  matte  after  deducting  the  amount 
combined  with  the  copper  as  CujS  and  with  the  silver  as  AgjS,  isnot 
sufficient  to  form  normal  sulphides  with  the  metals  present.  Lron 
and  lead  must  therefore  either  exist  as  free  metals  dissolved  in  the 
matte  or  else  as  lower  sulphides,  the  existencjB  of  which,  as  already 
mentioned,  has  not  been  proved.^ 

The  lead  matte  produced  at  Clausthal  in  the  year  1886-7 
contained  on  an  average  11*008  per  cent,  of  lead,  3*81  per  cent,  of 
copper,  and  0'021  per  cent,  of  silver,  80*92  per  cent,  of  the  lead  in  the 
original  charge  being  obtained  as  work-lead  and  10*14  per  cent,  in 
the  matte.  Of  the  silver  originally  present,  87*01  per  cent,  was 
found  in  the  work-lead  and  13'22  percent,  in  the  matte.  The  method 
of  treating  this  matte  is  given  on  a  subsequent  page. 

The  slags,  as  regards  their  content  of  silica,  lie  between  mono-  and 
bi'silicates,  more  nearly  approaching  the  latter;  the  slags  from 
Clausthal  in  recent  times  have  contained  somewhat  less  silica  than  was 
formerly  the  case.  The  composition  of  the  older  slag  from  Clausthal 
was  as  follows : — 


.  ■  .  • 


SUica  . 
FerronB  oxide   . 
Ferrons  snlphide 
Bariam  sulphate 
Alumina     . 
liinie  .   .   . 
Magnesia   . 
Ziac  oxide « 
Lead  oxide 


Per  cent. 
37-908 
32-695 
1-823 
1-508 
8-32 
5*416 
1-302 
3-948 
3-896 


Percent. 

Manganous  oxide  ....  1*02 

Potash 0*419 

Soda 1-013 

Nickel  and  oobalt  oxides .  0*038 

CJopper 0-08 

Silver 00007 

Antimony    .......  0*059 

Sulphur 0031 

Phosphoric  acid 0708 


A  more  recent  slag  from  Clausthal   had  the  following  com- 
positions— 


Silica 

Barium  sulphide  .       .    . 

Lime 

Silver 

Copper    .... 

Antimony 0*10 

Ferrous  oxide 3671 


Percent. 

31  12 

2*91 

11*48 

00012 

1-22 

on 


Per  cent. 

Alumina 4-90 

Phosphorus  pentoxide     .    .  0-52 

Manganous  oxide     ....  0*63 

Zinc  oxide 6*80 

Magnesia 0-76 

Potash 0-89 

Soda 0-71 

Sulphur 2-14 


Schnabel,  AUgemeine  HiUtenkunde,  p.  9. 
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By  assay,  the  slags  contain  0*25  to  1  per  cent,  of  lead.  They  are 
thrown  away,  except  such  portions  as  may  be  required  to  keep  the 
charge  open  in  ore  smelting  and  as  a  flux  in  matte  smelting. 


THE  TREATMENT  OF   LEAD   MATTE 

As  has  already  been  mentioned,  the  lead  matte  after  roasting 
serves  as  a  flux  and  as  a  source  of  iron  in  the  iron-reduction  process. 
Every  time  that  it  is  employed  in  this  way  its  percentage  of  copper 
increases  and  at  last  it  reaches  a  point  at  which  the  work-lead 
begins  to  take  up  considerable  quantities  of  this  metal  from  it,  so 
that  the  copper  percentage  must  not  be  allowed  to  exceed  a  certain 
amount.  This  is  eflfected  by  periodically  withdrawing  portions  of  the 
matte  from  the  process  and  replacing  this  by  fresh  matte,  the 
withdrawal  being  made  as  soon  as  the  amount  of  copper  in  the  matte 
reaches  12  per  cent.,  when  it  is  worked  up  by  itself  for  the  copper  it 
contains.  In  actual  practice  at  the  Clausthal  works  about  one-fifth 
of  the  matte  produced  in  smelting  is  being  continually  withdrawn 
from  the  process  in  this  way,  and  separately  treated  for  copper  matte. 

The  matte  produced  is  first  roasted,  no  matter  whether  it  is  being 
worked  up  for  its  copper,  or  whether  it  is  going  to  be  put  back  into 
the  iron-reduction  furnace.  At  Clausthal,  the  roasting  is  carried  on 
in  heaps,  to  the  great  injury  of  the  surrounding  country  on  account  of 
the  action  of  the  gases  evolved ;  at  Lautenthal  and  at  the  Altenau 
works  the  matte  is  roasted  in  shaft  furnaces. 

Before  roasting,  the  matte  is  allowed  to  lie  exposed  to  the  air, 
whereby  it  crumbles  and  becomes  friable  and  is  easily  broken  into 
small  pieces.  By  a  single  roasting,  in  heaps,  the  sulphur  in  the 
matte  is  not  reduced  to  the  requisite  extent  and  it  has  to  undergo 
at  least  3,  at  times  up  to  6  separate  roastings  before  the  sulphur  is 
reduced  to  the  required  5  or  6  per  cent.  After  each  firing  the  con- 
tents of  the  heap  are  sorted,  the  well  roasted  parts  put  on  one  side, 
whilst  the  imperfectly  roasted  portions  and  the  outside  parts  go  to 
form  a  new  heap.  In  the  first  roasting  about  one-tenth  of  the  matte 
will  be  sufliciently  roasted,  the  remainder  having  to  undergo  ftirther 
roasting. 

The  heaps  are  built  up  on  a  layer  of  brushwood  and  coal  or 
billets  of  wood.  The  capacity  of  the  heaps  varies  from  150  to  300 
tons  according  to  the  amount  of  matte  available  and  the  degree  of 
roasting  desired.  The  first  firing  lasts  2  to  3  months,  the  later  ones 
require  a  shorter  period,  and  the  entire  contents  of  a  heap  usually 
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require  roastings  lasting  altogether  about  6  months  before  they  are 
ready  for  the  next  operation. 

At  Lautenthal,  the  matte  is  roasted  in  shaft  furnaces  or  kilns  of 
which  six  are  grouped  together.  They  have  vertical  walls  and  are 
13  feet  10  inches  high,  7  feet  6  inches  broad  and  8  feet  4  inches  deep. 
From  the  floor  two  sloping  saddle-shaped  pieces  crossing  each  other 
rise  to  a  height  of  2  feet,  and  the  roasted  material  is  withdrawn  at 
four  places,  through  two  doors  at  the  front  and  two  at  the  back. 
The  raw  matte  is  mixed  with  roasted  matte  in  order  to  prevent  it 
being  fritted  together,  three  parts  of  once-roasted  matte  being  mixed 
with  four  parts  of  mw  matte.  Each  kiln  is  capable  of  roasting  2*2 
tons  of  matte  (both  raw  and  roasted)  every  24  hours,  the  roasted 
material  containing  8  per  cent,  of  sulphur,  whereas  in  the  pyrites  kilns 
formerly  in  use  at  Lautenthal,  the  sulphur  was  not  brought  below 
13  per  cent.  The  gases  evolved  from  the  roasting  kilns  contain 
5  to  6  volumes  per  cent,  of  sulphur  dioxide  and  are  used  for  sulphuric 
acid  making. 

The  roasted  matte,  or  such  portion  of  it  as  is  not  required  as  an 
addition  to  the  ore  smelting,  is  now  smelted,  together  with  slag  from 
ore  smelting,  in  a  blast  furnace  arranged  as  a  fixed  fore-hearth 
furnace,  the  products  being  work-lead,  copper  matte,  and  slag.  At 
Clausthal  the  furnace  is  13  feet  high  above  the  tuyere  level,  circular 
in  section,  4  feet  7  inches  in  diameter  at  the  throat,  and  3  feet  2^ 
inches  at  the  tuyere  level,  which  lies  2  feet  3  inches  above  the 
hearth.  There  are  two  tuyeres,  2^  inches  in  diameter,  which  project 
8  inches  into  the  furnace. 

The  charge  consists  at  present  (1900)  of  50  parts  roasted  matte, 
50  parts  ore  slags,  and  3  parts  limestone.  In  24  hours  9*4  tons  of  roasted 
matte  are  smelted  with  a  coke  consumption  of  24  per  cent.  Two 
men  are  required  for  each  shift,  one  smelter  and  one  charger.  From 
every  9*4  tons  of  roasted  matte  1*44  tons  of  work-lead  and  1*3  tons  of 
copper  matte  are  obtained.  The  work-lead  contains  0*22  per  cent,  of 
silver,  and  ia  refined  before  desilverising,  because  it  is  not  so  suitable 
for  the  zinc  desilverising  process  as  the  lead  from  the  ore  smelting  on 
account  of  the  copper  in  it.     The  matte  contains : — 

t 
Lead  .     .    *. ll'O  per  cent. 

Copper 6*7        „ 

Silver 0035    „ 

Sulphur 190       „ 

The  lead  matte,  which  has  been  treated  over  again  in  the  ore 
furnace  to  obtain  the  copper  in  it,  leaves  the  furnace  richer,  of  course, 
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in  that  metal.  At  Lautenthal,  for  instance,  the  matte  from  the  iron 
reduction  process  Contains  7  to  8  per  cent,  of  copper,  10  to  17  per 
cent,  of  lead,  and  0*03  per  cent,  of  silver.  This  is  smelted 
in  a  circular  blast  furnace  ivith  four  tuyeres,  and  jrields  a 
work-lead  containing  016  to  0*24  per  cent,  of  silver,  and  a  matte 
containing  7  to  8  per  cent,  of  lead,  003  per  cent,  of  silver, and  20  to 
40  per  cent,  of  copper.  The  slag  contains  1*55  to  2  per  cent,  of  lead, 
the  composition  of  the  Clausthal  slag  being  as  follows : — 


Per  cent. 

Silica 24*91 

Lead 1*55 

Copper 0-90 

Silver 0-0022 

Antimony    ...       .        0*20 

Ferrous  oxide .    <    .    .  51  '85 

Alumina 4*50 

Phosphoric  anhydride       0*69 


Per  centb 

Nickel  and  cobalt    .    .  0'13 

Zinc  oxide 6*56 

Manganese  oxide  ...  0*75 

Magnesia 0*38 

Lime 4*25 

Sulphur 3*86 

Soda  (NajO) 0*33 

Potash  (K,0)    ....  0*51 


The  matte  is  roasted  and  then  smelted,  producing  a  matte  richer 
in  copper,  and  some  work-lead.  The  matte  roasting  is  carried  on, 
as  previously  described,  at  Clausthal  in  heaps,  and  at  Lautenthal  in 
kilns. 

The  smelting  of  the  roasted  matte  mixed  with  slag  from  the  ore 
smelting  is  effected  in  blast  furnaces.  At  Clausthal  50  parts  of  ore 
slag  and  3  parts  of  limestone  are  added  to  every  50  parts  of  matte. 
The  products  are  work-lead  (Steinwerke)  and  copper  matte,  0*74  ton 
of  the  former  and  1*1  tons  of  the  latter  being  derived  from  9*88 
tons  of  roasted  matte.  The  work-lead  contains  0*24  per  cent  of 
silver  and  is  softened  before  desilverising ;  the  matte  contains 
28  to  40  per  cent,  of  copper,  6  to  13  per  cent,  of  lead,  and  0*07 
to  0'08  per  cent,  of  silver.  A  matte  of  this  kind  from  Clausthal 
contained : — 


Percont. 

Lead 13*00 

Copper 35*72 

Silver 0*08 


Pereant 

Iron 21*88 

Zinc 2  23 

Sulphur 19*49 


The  slag  from  this  second  matte  smelting  at  the  Clausthal  works 
had  the  following  composition : — 


Percent. 

SiHca 27-21 

Barium  sulphate    .    .  1*11 

Lead 2*25 

Copper 1*39 

Silver 0*0012 

Antimony 0*08 

Ferrous  oxide  ....  54*56 

Alumina 0*86 

Phosphoric  anhydride  0*85 


Percent 

Nickel    \  ^^ 

Cobalt   I "^ 

Zinc  oxide 0*24 

Manganese  oxide  .    .    .  1*07 

Magnesia 0*52 

Lime 5*46 

Soda  (Na,0) 0*31 

Potash  (KfO)    ....  0-64 

Sulphur 2*34 
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This  slag,  like  that  from  the  previous  smelting  and  the  one 
produced  in  the  subsequent  smelting,  is  a  monosilicate  and  is  added 
to  the  ore  smelting. 

The  matte  produced  in  this  second  smelting  is  then  worked  up  for 
its  copper.  It  is  roasted  and  smelted  in  blast  furnaces  arranged  like 
the  previously  described  Spurbfen,  This  roasting  and  smelting  is 
repeated  three  or  four  times ;  no  work-lead  is  produced  as  a  rule,  but 
the  copper  matte  and  the  black  copper  contain  lead.  The  roasting 
is  effected  in  heaps  or  in  Wellner  s  stalls,  as  roasting  in  kilns  is 
difficult  on  account  of  the  easy  fusibility  of  the  matte.  At 
Lautenthal  all  the  matte  from  the  second  smelting  onwards  is 
roasted  in  Wellner's  stalls. 

The  furnace  at  Clausthal  has  one  tuyere;  the  diameter  at  the 
tuyere  level  is  1  foot  8  inches,  at  the  throat  3  feet  7  inches.  The 
height  from  the  tuyere  to  the  top  is  14  feet  9  inches,  from  the 
heafth  to  the  tuyere  2  feet  6  inches.  On  the  cast-iron  foundation 
plate  is  stamped  a  layer  of  clay  8  inches  thick,  and  upon  this  a  layer 
of  brasque  6  inches  thick. 

The  charge  is  made  up  of  50  parts  of  ore  slags  and  50  parts  of 
roasted  copper  matte;  4  to  4|  tons  of  the  roasted  matte  are  put 
through  in  24  hours,  33  per  cent,  of  its  weight  of  coke  being  used ; 
4*186  tons  of  roasted  copper  matte  yield  0'23  ton  of  black  copper 
containing  lead  and  0*72  ton  of  copper  matte.  The  black  copper 
contains  60  to  70  per  cent,  of  copper  and  22  to  30  per  cent,  of 
lead,  which  is  separated  from  it  by  liquation;  the  matte  has  the 
following  composition : — 


Per  cent 

Lead 9*06 

Silver 0-075 

Copper 42-30 


Per  cent. 

Iron 19-98 

Zinc 1-69 

Sulphur 17-89 


And  the  slag  from  this  operation  contains : — 


SUica  .  .  . 
Lead  .  .  . 
Copper .  .  . 
Silver  .  . 
Antimony  . 
Ferrous  oxide 
Alumina  .  . 
Phosphoric  anhydride 


Per  cent. 
17-43 

1-47 

1-90 

0-0015 

0  09 
6214 

5-87 

0-43 


Per  cent. 
Manganous  oxide  0*49 

Zinc  oxide 4-30 


Cobalt  and  nickel 
Liine   .... 
Magnesia    .    . 
Potash  (KoO) 
SodaCNajO)  . 
Sulphur  .    .    . 


0-27 
2-00 
0  39 
0-57 
0-33 
1-47 


The  matte  is  now  submitted  to  4,  5,  or  6  alternate  roastings  and 
smeltings,  whereby  black  copper  and  a  matte  much  richer  in  copper 
are  obtained.  Usually  after  the  fifth  operation  ordinary  black  copper 
is  obtained  which  is  not  liquated.  In  many  cases  the  fifth  and 
sixth  operations  are  combined  on  account  of  the  small  quantities  of 
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matte  available.     At  Clausthal  the  following  amounts  were  obtained 
in  24  hours : — 


At  operation  No. 

Black  copper. 
Tons. 

0-4 
0136 

0-85 

Matte. 
Tons. 

Obtained  from 

4 
5 
6 

2-5 

0140 

318 

4-1       tons  of  matte  from  operation  3. 
3'601      ,,            ,,          ,,            „       4. 
4*041       ,,              ,,           ,,              ,,  ^     0. 

At  Lautenthal,  by  the  combined  fifth  and  sixth  operations  (knowD 
there  as  the  second  and  third  working  of  the  copper  matte),  62  parts 
of  black  copper  and  31  parts  of  matte  are  obtained  from  every  100 
parts  of  roasted  matte.  The  black  copper  contains  0*24  to  030  per 
cent,  of  silver,  10  to  15  per  cent,  of  lead,  and  75  to  78  per  cent,  of 
copper,  and  the  matte  contains  01  per  cent,  of  silver,  3  per  cent,  of 
lead,  and  76  to  78  per  cent,  of  copper. 

The  composition  of  the  mattes  produced  at  Clausthal  from  the 
fourth  and  fifth  workings  in  1884  and  from  the  sixth  operation  in 
1885  is  given  below : — 


Lead 

IV. 

V. 

VI. 

1884. 

6-32 

006 
58-10 
1110 

0-96 
2015 

• 

1884. 

3-88 

0035 
59-86 
12-24 

0-75 
20-78 

1886. 

236 

0-02 

52  18 

19-82 

0-59 

20-20 

Silver 

CJopper 

Iron 

Zinc 

Sulphur 

And  the  composition  of  the  slags  from  Clausthal  from  the  same 
operations  in  the  same  years  was  as  follows : — 


Silica     ..... 

LfCad 

Copper 

Silver 

Antimony 

Ferrous  oxide  .... 

Alumina 

Phosphoric  anhydride 
Manganous  oxide    .    . 

Zinc  oxide 

Cobalt  and  nickel  .    . 

Lime 

Magnesia 

Potash  (KjO)  .  .  .  . 
Soda(NaaO)  .  .  .  . 
Sulphur 


V. 


1884. 

1884. 

1885. 

17-06 

18  97 

21-49 

102 

0-92 

0-81 

1-88 

1-58 

1-66 

0-34 

0  20 

0-32 

65  08 

61-84 

59-68 

5-36 

6-47 

8-55 

0-46 

0-47 

0-79 

0-56 

0-50 

0-52 

2-55 

2-90 

2-02 

0-34 

0-54 

0-38 

2  32 

2-27 

2-56 

024 

0-47 

0-41 

0-63 

0-77 

075 

0-41 

0-53 

0-47 

102 

0-92 

1-55 

VI. 
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THE    COMBINED    ROASTING   AND   REDUCTION    AND    IRON-REDUCTION 

PROCESS 

The  iron-reduction  process  is  usually  combined  with  the  roasting 
and  reduction  method  of  smelting,  especially  when  a  portion  of  the 
ore  is  rich  in  silver  and  is  in  consequence  smelted  direct  without 
previous  roasting.  The  combined  processes  are  also  used  when,  owing 
to  lump  ores  being  roasted  in  heaps  or  stalls,  the  percentage  of 
sulphur  is  not  reduced  sufficiently.  In  all  these  cases  ferruginous 
fluxes  are  added  to  the  charge  in  order  that  iron  may  be  reduced  in 
the  furnace  for  the  decomposition  of  the  sulphides  still  left  in  the 
charge.  The  process  of  smelting  does  not  essentially  differ  from  the 
smelting  in  the  roasting  and  reduction  process  and  it  is  conducted  in 
similar  furnaces.  A  similar  method  of  smelting  is  in  use  at  Altenau 
and  Andreasberg  in  the  Harz  (see  the  section  on  Silver),  and  at  the 
Victor-Friedrichs  works  near  Alexisbad, 

At  the  Julius  and  Sophien  works  (see  page  493),  where  the  ores 
are  roasted  in  heaps  and  only  imperfectly  desulphurised,  the  smelting 
operation  is  really  a  combination  of  the  iron-reduction  with  the 
roasting  and  reduction  process,  the  latter  however  being  the  chief 
process ;  the  necessary  iron  is  furnished  mainly  by  the  iron  oxide 
present  in  the  roasted  ores. 

In  the  United  States  pure  argentiferous  galenas  are  usually  added 
in  a  raw  state  to  the  roasted  ores,  and  if  the  silver  present  amounts  to 
more  than  100  ounces  per  ton  they  are  nearly  always  smelted  raw,  and 
often  when  it  falls  below  this  amount.  Roasted  lead  matte  serves  as 
a  reducing  agent,  or,  if  this  is  worked  up  by  itself,  ores  containing  iron 
oxide  or  simple  iron  ore  take  its  place.  The  method  of  working  and 
the  arrangement  of  the  furnaces  resemble  those  employed  for  the 
roasting  and  reduction  process. 

THE    COMBINATION    OF    THE     IRON-REDUCTION    PROCESS    WITH    THE 

SMELTING  OF  OXIDISED   ORES. 

The  working  up  of  lead  carbonate  with  the  sulphide  by  the  iron- 
reduction  process  is  chiefly  carried  on  when  the  carbonate  is  present 
in  the  ores  in  excess.  This  was  the  case  for  a  considerable  time  in 
many  of  the  works  in  the  Western  States  of  America,  though  the 
process  was  also  formerly  used  even  when  galena  was  in  excess.  At 
the  present  time  at  these  works,  ores  with  more  than  15  per  cent,  of 
sulphur,  whether  existing  as  pyrites,  arsenical  sulphides,  and  zinc 
blende  or  as  galena,  are  usually  first  roasted  unless  they  contain  an 
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unusually  large  amount  of  silver.    As  previously  mentioned,  ores 
containing  more  than  100  ounces  of  silver  per  ton  are  not  roasted. 

All  ores,  however,  in  which  the  lead  carbonate  predominates  over 
the  sulphide  are  smelted  without  a  preliminary  roasting.  Sulphides 
containing  a  large  amount  of  silver,  as  well  as  ores  with  a  small 
percentage  of  sulphur,  are  mixed  in  suitable  proportions  with  oxidised 
ores.  The  latter  usually  carry  sufficient  iron  oxide  to  act  as  reducing 
agents  for  the  iron-reduction  process.  The  lead  matte  produced  in 
the  process  is  added  to  the  charge  after  being  roasted,  so  that  its 
oxide  of  iron  is  available  as  a  reducing  agent.  The  actual  conduct 
of  the  process  is  precisely  similar  to  the  smelting  operation  of  the 
roasting  and  reduction  process.  It  is  employed  at  various  works  in 
Colorado  (the  Pueblo,  Colorado,  and  Philadelphia  smelting  works), 
and  also  in  Nevada  and  Utah. 

Mixtures  of  lead  carbonate  and  galena  are  also  smelted  in 
Tasmania  at  the  Zeehan  and  Dundas  smelting  works  near  Zeehan. 
The  carbonate  contains  10  per  cent,  of  silica,  5  to  10  per  cent,  of 
manganese,  and  25  per  cent,  of  lead,  whilst  the  galena  is  very  pare 
and  contains  up  to  150  ounces  of  silver  to  the  ton.  The  furnaces 
used  are  rectangular,  water-jacketed,  American  ones,  measuring  3  feel; 
4  inches  by  11  feet  4  inches  at  the  tuyere  level.  The  height  bom 
the  working  floor  to  the  throat  is  20  feet  and  there  are  16  tuyeres. 
In  1892  the  ore  mixture  contained  the  following  constituents : — 

Silica 7to8  per  cent. 

Ferrous  oxide 21  to  24       „ 

Manganous  oxide 4  to    6      „ 

Lead 38  to  41 

Sulphur      2-6 

Silver 25  to  32  ounces  per  ton. 

Every  24  hours  80  tons  of  charge  were  smelted,  and  the  slag 
produced  contained  30  per  cent,  of  silica,  40  per  cent,  of  ferrous  oxide, 
and  20  per  cent,  of  lime. 

In  the  Spanish  provinces  of  Murcia  and  Almeria,  galena  is 
smelted  together  with  lead  carbonate  and  brown  haematite,  argenti- 
ferous hsBmatites  being  also  often  added.  In  this  way  the  galena 
is  reduced  by  the  iron  formed  by  the  reduction  of  the  iron  oxides. 
The  furnaces  are  draught  furnaces  or  Castilian  blast  furnaces,  and 
the  products  are  work-lead  and  matte;  the  latter  was  formerly 
thrown  away,  but  is  at  present  roasted  and  again  added  to  the  ore 
charge.  Most  of  the  Spanish  works  at  the  present  day,  however, 
employ  the  roasting  and  reduction  process. 
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THE  SMEUnNG   OF   LEAD   CARBONATE 

Lead  carbonate  gives  off  its  carbon  dioxide  when  heated  to 
200°  C,  and  the  oxide  so  formed  is  reduced  by  carbon  or  carbon  mon- 
oxide at  a  red  heat,  so  that  the  metallurgical  treatment  of  carbonate 
ores  resolves  itself  into  a  smelting  in  reverberatory  or  blast  furnaces 
with  the  addition  of  a  reducing  agent  and  a  flux  for  the  gangue. 

Reverberatory  furnaces  are  only  rarely  used,  as  the  slags  produced 
in  them  are  rich  in  lead,  requiring  a  subsequent  treatment  in  blast 
furnaces ;  consequently  they  are  only  employed  when  very  pure  ores 
are  to  be  smelted.  The  furnaces  are  provided  with  a  well  or  sump, 
and  the  ore  is  heated  on  the  sloping  hearth  together  with  coke,  char- 
coal, lean  coal  or  brown  coal,  in  a  reducing  flame  and  with  constant 
stirring.  The  reduced  lead  drains  into  the  well  and  the  residual 
slag  is  smelted  in  blast  furnaces. 

Lead  carbonate  is  however  usually  smelted  in  blast  furnaces,  which 
are  used  for  this  purpose  in  Southern  Spain,  the  Western  States  of 
America  and  in  New  South  Wales.  .  The  ore  is  smelted  together 
with  suitable  materials  to  serve  as  fluxes  for  the  gangue,  and  as  this 
generally  consists  of  silica,  lime  or  ironstone  is  used ;  the  slag 
produced  in  the  process  is  also  used  both  as  a  flux  and  to  keep  the 
charge  open. 

The  furnaces  used  resemble  those  employed  for  the  roasting  and 
reduction  process.  In  a  rectangular  American  furnace  measuring  36 
by  60  inches  at  the  tuyere  level,  48  tons  of  carbonate  with  40  per  cent. 
of  lead  and  free  from  zinc,  were  smelted  in  24  hours,  or  18  tons  of  a 
similar  carbonate  containing  18  to  20  per  cent,  of  lead. 

When  the  ore  deposits  were  first  discovered  at  Leadville,  Colorado, 
the  ores  smelted  were  pure  carbonates  containing  large  quantities  of 
silver,  but  at  present  the  ores  contain  galena  in  addition  or  consist 
exclusively  of  sulphides;  the  lead  present  in  the  ores  has  also 
decreased  from  an  average  of  20  per  cent,  down  to  12  per  cent.  The 
silver  in  the  Leadville  carbonates  was  present  partly  as  chloride  and 
partly  as  native  silver,  the  amount  of  silver  present  varying  from  0*06 
to  2  per  cent. 

At  the  works  of  Berdell  and  Witherell  at  Leadville,  ores  contain- 
ing 30  per  cent,  of  lead  and  300  ounces  of  silver  per  ton  were  smelted 
in  rectangular  water-jacketed  blast  furnaces  8  feet  6  inches  high 
from  hearth  to  throat,  and  4  feet  by  2  feet  7  inches  in  section,  having 
5  tuyeres,  each  2|  inches  diameter,  situated  two  on  each  side  and  one 
in  the  back  wall.  The  blast  pressure  was  1^^  inches  of  mercury.  The 
charge  consisted  of  2  cwts.  23  lbs.  of  ore,  46  lbs.  of  slag,  26  lbs.  of 
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ferruginous  ores  containing  some  silver  and  gold,  27  lbs.  of  coke  and 
27  lbs.  of  charcoal,  10  tons  of  ore  being  smelted  in  24  hours.  The 
products  were  work-lead  with  0*9  per  cent,  of  silver,  matte  with  1  per 
cent,  of  arsenic  and  a  little  antimony,  and  slag  with  0'003  to  0006  per 
cent,  of  silver. 

At  the  present  time  the  greater  part  of  the  carbonates  smelted  in 
the  Western  States  come  from  Mexico,  and  contain  on  an  average 
20  per  cent,  of  lead.  At  the  time  of  the  author's  visit  to  the 
Philadelphia  works  near  Pueblo  in  Colorado,  Mexican  ores  were  being 
smelted  in  addition  to  those  from  Colorado  and  Utah,  the  ores 
averaging  38  to  40  ounces  of  silver  per  ton.  The  charge  was  made 
up  so  as  to  contain  13  per  cent,  of  lead,  and  the  work-lead  obtained 
carried  from  160  to  300  ounces  of  silver  per  ton.  The  furnaces  were 
rectangular  and  water-jacketed,  having  a  total  height  of  22  feet, 
the  height  from  the  tuyere  level  to  the  throat  being  15  feet,  and 
measuring  3  feet  6  inches  by  10  feet  at  the  tuyere  level,  widening 
10  inches  on  either  side  up  to  the  boshes.  Such  a  furnace  smelted  60 
to  70  tons  of  carbonate  ores  in  24  hours.  The  slag  produced 
contained  i  per  cent,  of  lead  and  J  an  ounce  of  silver  per  ton. 

At  the  woi*ks  of  the  Consolidated  Kansas  City  Smelting  and 
Refining  Company  at  El  Paso  in  Texas,  carbonates  from  the  Sierra 
Mojada  in  Mexico,  containing  25  per  cent,  of  lead  and  22  ounces  of 
silver  per  ton,  are  smelted  together  with  argentiferous  ores  free 
from  lead  but  rich  in  iron  and  manganese  oxides,  from  Tombstone, 
Arizona.  The  furnaces  are  of  the  rectangular  American  type,  water- 
jacketed,  with  automatic  taps.  They  have  13  tuyeres,  each  4  inches 
in  diameter,  and  measure  10  feet  by  3  feet  6  inches  at  the  tuyere 
level.  From  the  tuyeres  to  the  throat  the  height  is  17  feet,  and  the 
blast  pressure  is  17  inches  of  water. 

The  charge  is  as  follows : — 

900  lbs.  of  ore. 

350      „       limestone. 

300      „       slag  from  a  previous  operation. 


1550  lbs.  of  charge. 
200      „      coke. 
40      „       charcoal. 

40*5  tons  of  ore,  15*5  tons  of  limestone  and  13*5  tons  of  slag 
are  smelted  in  24  hours,  the  average  lead  content  of  the  charge  being 
11  to  13  per  cent.,  and  the  average  silver  content  40  ounces  per  ton. 
Every  24  hours  4  tons  of  work-lead  with  200  to  300  ounces  of  silver 
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and  0*5  to  1*5  ounces  of  gold  per  ton  are  produced,  and  1*5  tons  of 
matte  with  80  to  100  ounces  of  silver  per  ton.  The  slags  produced 
contain  0*5  to  1*5  per  cent,  of  lead,  and  0*75  to  1*5  ounces  of  silver 
per  ton,  together  with  32  per  cent,  of  silica,  38  per  cent,  of  ferrous 
oxide  and  20  per  cent,  of  lime  in  addition  to  zinc  oxide,  alumina, 
sulphur,  lead,  &c. 

The  work-lead  is  desilverised ;  the  matte  is  first  roasted  in 
stalls,  then  in  reverberatory  furnaces,  and  is  then  smelted  with 
quartzose  ores  containing  copper  and  silver,  the  second  matte  so 
produced  being  worked  up  at  the  Argentine  works  in  Kansas  City  for 
copper  and  silver. 

At  the  present  time  at  Broken  Hill,  New  South  Wales,  argen- 
tiferous lead  carbonates  are  smelted  together  with  Argentiferous 
ores  containing  silica  and  kaolin,  and  but  little  carbonate.  The 
silver  present  in  these  ores  exists  principally  as  chloride  and  as 
native  silver  with  a  little  iodide  and  bromide.  The  principal  veins 
firom  which  these  ores  are  derived  change  in  character  as  they  go 
deeper  down,  altering  into  a  mixture  of  galena  and  blende,  so  that  the 
carbonate  smelting  will  probably  cease  in  time  as  the  surface  deposits 
are  exhausted.  The  furnaces  in  use  at  the  Broken  Hill  works  are 
oblong  American  ones  with  cast  iron  water-jackets  and  Arents's 
syphon  tap ;  they  measure  5  feet  by  9  feet  4  inches  at  the  tuyere  level, 
and  there  are  12  tuyeres,  5  in  each  of  the  longer  sides  and  1  at  each 
short  end  of  the  furnace.  Figs.  366  to  369  show  the  construction 
of  the  furnace. 

At  the  largest  of  the  works,  those  of  the  Broken  Hill  Proprietary 
Co.,  the  ores  smelted  in  the  year  1891-92 contained  15  to  18 percent, 
of  lead  and  32  to  39  ounces  of  silver  per  ton,  and  were  made  up  of 
51*5  per  cent,  of  carbonate  ores,  47  per  cent,  of  siliceous,  clayey 
and  ferruginous  ores,  and  1*5  of  argentiferous  iron  ores  containing 
some  lead. 

This  charge  of  ore  was  mixed  with  32  per  cent,  of  limestone  and 
3*1  per  cent,  of  ironstone,  50  tons  of  mixed  ores  being  smelted  in 
each  furnace  in  24  hours,  the  fuel  used  being  18  per  cent,  of  coke 
and  2*8  per  cent,  of  charcoal,  7  workmen  being  required  for  each 
furnace  in  each  shift.  In  that  year  (1891-92)  246,907  tons  of  ore 
were  smelted,  yielding  39,390  tons  of  lead  and  9,269,022  ounces 
of  silver. 

In  1896  the  composition  of  the  charge  was: — 125  parts  of 
carbonate  ores,  425  of  siliceous  ores,  175  of  ferruginous  ores,  275 
of  limestone,  and  10  per  cent,  of  slags.  The  charge  contained  9  to 
15  per  cent,  of  lead,  and  the  coke  consumption  was  125  per  cent. 


A  fomace  smelted  70  tons  in  24  hours,  and  yielded,  besides  work- 
lead,  a  matte  containing  20 — 30  per  cent,  of  lead,  6 — 15  per  cent. 


of  copper,  and  150   to   160    ounces  per  ton   of  silver.  The  slags 

contained  per  cent. : — 

Silica 40-4  Alumina  .  .  98 

^Ferrous  and  manganous  oxides  .    26'5  Zinc  oxide  .  5*4 

Lime  and  magnesia.     ....   14-8  Lead   .     .  .  2*5 — 3 

and  2  ounces  per  ton  of  silver. 
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The  greater  part  of  the  Broken  Hill  ores  are  now  smelted  on  the 
sea  coast  in  South  Australia  (Dry  Creek,  near  Adelaide,  and  Port 
Pirie),  by  the  roasting  and  reduction  process. 

THE  SMELTING  OF   LEAD   SULPHATE 

Lead  sulphate  only  rarely  occurs  in  sufficient  quantity  to  allow  of 
its  being  treated  by  itself  for  the  lead  it  contains,  and  it  is  usually 
smelted  in  admixture  with  other  ores. 

If  it  has  to  be  treated  alone,  reverberatory  furnaces  are  the  most 
suitable.  If  galena  is  available  it  is  added  in  such  quantity  that  the 
proportion  of  sulphide  to  sulphate  present  is  the  same  as  in  the  air- 
reduction  process,  lead  and  sulphur  dioxide  being  produced  by  their 
interaction.  If,  however,  galena  is  not  available,  a  certain  amount  of 
coal  is  added  to  the  charge  in  order  to  reduce  a  portion  of  its 
sulphate  to  sulphide,  the  two  compounds  afterwards  mutually 
reacting,  producing  lead  and  sulphur  dioxide.  A  residue  is  always 
left,  which  must  be  further  treated  in  blast  furnaces. 

Another  method  of  working  lead  sulphate  consists  in  first  melting 
it  with  quartz  in  reverberatory  furnaces  whereby  lead  silicate  is 
formed ;  this  is  then  treated  in  blast  furnaces  with  limestone  and 
ferruginous  materials  in  the  same  way  as  the  lead  silicate  produced 
in  the  roasting-and-reduction  process.  Lastly,  lead  sulphate  may  be 
smelted  in  reverberatory  furnaces  with  carbon  and  iron,  or  with 
carbon  and  oxides  of  iron  or  basic  iron  silicates  in  blast  furnaces.  By 
this  means  the  lead  sulphate  is  first  reduced  to  sulphide  by  the 
carbon,  and  this  is  then  reduced  by  the  iron  which  has  itself  been 
formed  by  the  reduction  of  the  ferruginous  material,  forming  lead  and 
lead  matte.  Schnedermann  (Percy-Rammelsberg,  p.  297)  proposed 
to  use  reverberatory  furnaces  for  smelting  lead  sulphate  with  67  per 
cent,  of  calcium  carbonate,  37  per  cent,  of  fluor-spar  and  12  to  16  per 
cent,  of  coal,  the  calcium  sulphate  formed  being  fluxed  by  the  fluor- 
spar, fi^nd  lead  being  produced. 

At  Bagillt,  in  Flintshire,  Australian  lead  ores  containing  57*5  per 
cent,  of  lead  sulphate  and  0*96  per  cent,  of  silver  were  smelted  in 
quantities  of  25  cwt.  with  IJ  cwt.  of  small  coal,  J  cwt.  of  pig  iron, 
and  i  cwt.  of  burnt  pyrites  in  reverberatory  furnaces,  such  a  charge 
being  worked  off  in  8  hours.  The  products  were  work-lead  with 
3*98  per  cent,  of  silver  and  some  gold,  and  a  small  amount  of  lead 
matte  (J  cwt.)  containing  13*5  per  cent,  of  lead,  5  per  cent,  of  copper 
and  008  per  cent,  of  silver ;  this  on  roasting  and  smelting  yielded 
work- lead  and  copper  matte. 


THE  SMELTING  OF  PLUMBIFEROUS   METAI.LUfiOICAL  PRODUCTS 

These  are  obtained  during  lead  ameltiDg,  the  refining  of  the  lead, 
and  the  subsequent  desilverising,  and  oonsiat  principally  of  residues 
from  the  air  reduction  process,  lead  mattes,  slags,  furnace  accretions 
and  deposits,  dross  and  skimmings  from  various  operations,  flue  dust, 
litharge  and  old  cupellation  hearths. 


Sesidues  from  the  air-reduction  process 

These  contain  lead  oxide,  sulphate,  sulphide  and  silicate.  A 
grty  slag  from  the  Scotch  works  near  Leadhills  and  Warlock  contained, 
according  to  Sexton^ : — 

Lead  sulphide    563  per  cent.  Zinc  oxide  .     095  per  cent. 

Lead  sulphate  1036       „  Alumina  and\ -o.nQ 

Iiead  oxide     .  34'88       „  Iron  oxide     ,/ 

Lime     .     .     .  1000       „  Silica .     .     .  2600 

The  residues  are  smelted  in  blast  furnaces  by  the  roasting-and- 
reduction  process,  or  by  this  process  combined  with  the  iron -reduction 
method.  In  the  latter  case  the  sulphide  is  reduced  by  the  metallic 
iron  added  to  the  charge,  or  by  iron  reduced  in  the  furnace  from  the 
ferruginous  materials  present. 

In  some  of  the  English  works  a  slag  hearth  or  low  blast  furnace 
3  feet  high,  built  up  of  cast-iron  plates  and  furnished  with  a  single 
tuyere,  is  employed.     This  is  arranged  as  a  Spuro/en,  i.e.  a  furnace 
in     which     the     molten 
products  are  not  allowed 
to   accumulate   but   run 
off  as  they  are  formed ; 
the    hearth    bottom     is 
made    of    cinders    well 
stamped  down,  and  there 
is  a  forehearth  in  which 
are  two  pots  or  wells  of 
caat-iron,    one     for    the 

lead,  the    other  for   the  .no.  sro. 

slag.    The  slag  flows  over 

from  the  first  into  the  second  where  it  is  granulated  by  a  stream  of 
cold  water  so  that  any  entangled  shots  of  lead  can  easily  be  separated 

I  JCng.  and  Min.  Jottrn.  Febraary  23,  1892. 
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from  it ;  the  lead  is  ladled  out  from  the  well  or  run  from  it  into  a 

tap  hearth. 

The  general  arrangement  is  shown  in  Figs.  370  and  371   where  d 

is   the  front  and  e  the  back  wall,  a  the  hearth   plate,  b  the   lead 

well,  c  the  slag  well,  g  the 
spout  conveying  water  for 
breaking  up  the  slag  and  ct 
the  tap  hearth.  The  hearth, 
lead  well,  and  slag  well  are 
covered  with  a  layer  of 
cinder.  At  Keld  Head  about 
4  tons  of  residues  are  worked 
up  in  such  a  furnace  in  6 
hours. 

It  is  better,  however,  to 

employ  taller  blast  furnaces  like  those  described  as  being  used  for 

the  roasting  and  reduction  process.     As  an  instance  the  working  up 

of  the  residues  from  the  Tarnowitz  process  at  FriedrichshUtte  may 

be  cited. 

The  furnace  used  is  similar  to  that  employed  in  the  roasting  and 

reduction  process  with  a  blast  pressure  of  22*5  mm.  of  mercury,  and 

the  charge  consists  of: — 

2*5  to  30    tons  of  residues. 


Fia.  871. 


016 

»» 

old  hearths. 

005 

» 

materials  containing  some  lead. 

40 

l> 

rich  slags. 

0-3 

it 

calcined  lead  matte. 

10 

)) 

iron  finery  slag. 

0-2 

ft 

limestone. 

ToUl. 

..8-20  tons 

Every  24  hours,  25  tons  of  charge  (7'5  to  8  tons  of  residues)  are 
smelted,  coke  to  the  amount  of  one-twelfth  of  the  weight  of  the 
charge  being  consumed. 


Lead  mattes  and  slags 

The  working  up  of  lead  mattes  has  already  been  described 
under  the  headings  of  the  roasting-and-reduction  and  iron-reduction 
processes.  Slags  are  added  to  the  ore  smelting  charge  and  the 
charge  for  matte  smelting,  but  if  they  are  present  in  such  quantities 


» 
ft 

if 
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as  to  necessitate  separate  treatment,  like  the  slags  Irom  the  raasting- 
and-reduction  process  at  Freiberg  and  the  Laurium  Mountains  slag 
in  Greece,  then  they  are  most  advantageously  smelted  in  blast 
furnaces. 

At  Freiberg  the  rich  slags  are  smelted  in  Pilz  furnaces  with  the 
production  of  work  lead  and  copper  matte  as  described  on  page  497. 

The  Laurium  slags  were  formerly  smelted  in  slag  hearths  with 
lime  and  ironstone,  but  modem  four-and-seven-tuyered  circular 
furnaces  with  water-jackets  are  now  used. 

These  slags,  which  date  back  to  the  time  of  Solon  and  Xenophon 
and  partly  to  the  time  of  Strabo  (b.c.  66),  possess  the  following  com- 
position according  to  Diez : — 

Silica 27*5  to  35*7  per  cent. 

Lead  oxide 8  to  15-36 

Zinc  oxide 2  to    9 

Ferric  oxide 14  to  25 

Lime 10  to  28 

Magnesia 1  to    3 

Alumina 3  to    9           „ 

When  using  circular  blast  furnaces,  the  slag  produced  from  this 
slag  smelting  contains  0*5  to  1  per  cent,  of  lead ;  6*6  parts  of  charge 
require  1  part  of  coke,  and  1*9  parts  of  coke  are  used  for  every  unit  of 
lead  obtained.  The  most  recent  furnaces  with  7  tuyeres  put  through 
50  tons  of  charge  in  24  hours ;  they  are  5  feet  3  inches  in  diameter 
at  the  tuyeres,  and  the  height  thence  to  the  throat  is  14  feet  7 
inches.  Half  of  the  charge  consists  of  slags,  with  about  1  per  cent. 
of  lead,  which  have  been  formed  oy  smelting  old  slags  and  have 
accumulated  since  the  year  1865.  Ores,  briquettes,  and  clayey 
slimes  make  up  the  other  half  The  composition  of  briquettes  and 
slimes  is  given  in  the  following  table : — 

Briquettes  Slimes. 

Silica 15  to  16  272 

Iron 13-7  111 

Lime 18  4  70 

Magnesia 4*7  — 

Alumina 7*6  7  5 

Zinc 3-6  5-0 

Lead 70  46 

The  average  lead  content  of  the  ore  is  from  55  to  6  per  cent. ; 
the  work-lead  contains  730  ounces  per  ton  of  silver.^ 

*  The  Mineral  Indmtry,  1899,  p.  454. 
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Fnmaee  accretions,  dross,  furnace  residues  and  fine  dust 

By  furnace  accretions  are  meant  the  masses  which  are  found 
adhering  to  the  furnace  walls,  consisting  of  half  melted  portions  of  the 
charge  together  with  volatilised  lead  sulphide  and  portions  of  the 
masonry  lining  of  the  furnace ;  dross  and  furnace  residues  are  impure 
slags  and  solidiRed  plumbiferous  masses  obtained  in  cleaning  the 
hearths  of  the  furnaces.  These  bodies  are  added  to  the  ore  smelting 
charge,  either  with  or  without  previous  dressing. 

Flue  dust, — In  all  lead  smelting  works  arrangements  must  be  made 
for  the  condensation  of  the  metals  and  metallic  compounds  which  are 
volatilised  during  the  smelting  as  well  as  of  those  portions  of  the  ore 
charge  which  are  mechanically  carried  away  in  the  flue  gases  (see 
Schnabel  "  AUgemeine  Hiittenkunde  ").  Unfortunately  many  works 
are  still  serious  offenders  in  these  matters,  such  arrangements  being 
either  absent  or  insufficient. 

The  condensed  matter  or  flue  dust  consists  chiefly  of  lead  sulphate, 
lead  oxide,  metallic  sulphides  and  portions  of  the  charge  and  fuel,  and, 
where  zinc  compounds  are  present  in  the  charge,  considerable  amounts 
of  oxide  of  zinc.  The  composition  of  various  flue  dusts  is  given  in 
the  following  table : — 


Pueblo 
(Colorado). 

Upper 
Harz. 

Kms. 

/ ' s 

I.            II. 

Freiber;^. 

Lead 

Lead  oxide 

Lead  silicate 

Zinc 

37-65 
5  32 

004 

24-98 
1-31 
5-26 

8-63 
2  53 
1-61 

I1I-2O 

34-8 
18  0 

2-9 

10 

1-5 

}3..{ 

10 
4-5- 

12-3 

7-8 
2-8 

2-5 

60-48 
8-17 

0-24 
0-42 

0  003 
}   212 
115 

6-22 
14-78 

8-0 

67-04 

4-22 

016 
0-31 

0003 

1-0 
0-61 

5-42 
14-07 

6-8 

35-2 

5-28 

1-32 
28-3 

Zinc  oxide 

Cadmium  oxide 

Arsenic 

Antimony 

Silver 

Iron 

Ferric  oxide 

Alumina 

1-57 

Lime 

Magnesia 

Silica 

Sulphur  

1-01 
0-25 
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] 

3-38     I 
1-17 

Sulphur  trioxide    ...... 

Caroon  dioxide 

Water •  . 

Carbon 

1 

1 

Flue  dust  is  usually  mixed  with  clay  or  lime,  and  added  to  the 
ore  smelting  charge  in  blast  furnaces.     It  is  also  added  by  itself  to  the 


1> 
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ore  charge  smelted  in  reverberatory  furnaces  by  the  air-reduction 
method  (see  the  Tarnowitz  process).  In  the  works  of  the  Lower 
Harz  it  is  first  treated  with  dilute  sulphuric  acid  on  account  of  the 
high  percentage  of  zinc  oxide  present  which  the  sulphuric  acid 
dissolves.     This  flue  dust  has  the  following  composition : — 

Zinc  oxide 28*90  per  cent. 

Lead  oxide 20*26  „ 

Copper  oxide 0*72  „ 

Silver 007 

Lime 0*45 

Sulphur 5*43  „ 

Insoluble  residue      ....  18*14  „ 

Loss  on  ignition 9*58  „ 

After  extraction  with  sulphuric  acid  the  residue  is  added  to  the 
ore  smelting  charge  and  the  liquors  are  worked  up  for  zinc  sulphate. 
If  the  flue  dust  has  to  be  treated  alone  it  must  first  be  agglomer- 
ated by  means  of  some  binding  material  or  else  compressed  into  bricks. 
Bituminous  substances  answer  best  as  the  binding  material,  such  as 
bituminous  schist  or  coal  tar.  At  the  Mansfeld  copper  works,  flue 
dust  with  14  per  cent,  of  lead  is  obtained  and  this  is  mixed  with 
KupferschiefeT  smalls,  pressed  into  bricks,  and  then  calcined,  together 
with  cupriferous  schist ;  after  this  treatment  it  is  smelted  with  rich 
iron  slags  in  blast  furnaces  (at  Eckarthiitte),  producing  a  work-lead 
with  0'3  to  0*4  per  cent,  of  silver. 

Smelting  of  Bye-products  Obtained  in  Cupellation 

Processes 

In  the  Pattinson  and  Parkes'  processes  for  the  concentration  of 
the  silver  contained  in  work-lead  and  in  the  cupellation  process,  certain 
bye-products  are  obtained  which  are  worked  up  for  lead  by  a 
reducing  smelting. 

These  products  are  cupriferous  and  argentiferous  scums,  the  old 
hearths  of  the  cupellation  furnace  and  litharge  (Scklicker,  Ahzug, 
AhstrUh,  and  Gldtte). 

ScfUicker  are  the  scums  which  form  on  the  surface  of  cupriferous 
lead  when  it  is  melted  for  the  purpose  of  being  desilverised ;  they  con- 
tain metallic  lead,  oxides  of  lead  and  copper,  and  a  certain  amount  of 
silver.  They  are  first  submitted  to  a  process  of  liquation  in  order  to 
extract  some  argentiferous  lead,  and  the  residue  is  added  to  the  ore 
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smelting,  or  better  still  to  the  matte  smelting  charge.  If  they  are 
obtained  in  such  quantities  as  to  necessitate  a  separate  smelting  as, 
for  instance,  when  more  desilverising  is  being  done  than  ore  smelting, 
or  where  desilverising  alone  is  practised,  then  they  are  smelted  in 
blast  furnaces  with  pyrites  or  galena,  the  products  being  work-lead  and 
cupriferous  lead  matte,  which  latter  is  roasted  and  smelted  for  copper 
matte  in  blast  furnaces. 

Litharge  (Gldtte)  is  produced  during  the  oxidation  of  lead  for  the 
purpose  of  extracting  the  silver,  as  in  the  cupellation  process.  The 
hearth  of  the  furnace  in  which  this  operation  is  conducted  absorbs  a 
portion  of  the  litharge,  and  is  also  treated  for  its  lead  and  silver.  In 
most  works  at  the  present  day  the  argentiferous  lead  is  submitted 
to  a  process  of  concentration,  with  the  production  of  a  small  amount 
of  a  highly  argentiferous  lead  and  a  much  greater  quantity  of  poor 
lead.  Only  work-leads,  which  are  extremely  impure,  chiefly  those 
containing  large  amounts  of  copper  and  which  cannot  consequently 
be  treated  by  the  concentration  process,  are  directly  cupelled. 

Litharge,  produced  in  the  cupellation  of  rich  argentiferous  leads, 
contains  some  silver  and  is  consequently  added  to  the  ore  smelting  if 
argentiferous  lead  ores  are  being  treated,  or  if  ore  smelting  is  not  being 
carried  on,  it  is  smelted,  together  with  the  saturated  hearth,  for 
work-lead.  Litharge  obtained  in  the  cupellation  of  poor  lead  is  as  a 
consequence  poor  in  silver,  and  is  either  sold  as  litharge  or  reduced, 
yielding  market-lead.  The  term  "  freshening  "  (Frischen)  is  applied 
to  the  smelting  process  by  which  the  litharge  is  reduced. 

Old  hearths  are  treated  in  just  the  same  manner  as  the  litharge. 
If  rich  in  silver  they  are  added  to  the  ore  smelting,  or  smelted 
together  with  litharge,  for  work-lead,  and  if  poor  in  silver  are  smelted 
for  market  lead. 

The  "  freshening  "  or  reduction  of  the  litharge  can  be  conducted 
in  hearths,  reverberatory  furnaces,  or  blast  furnaces.  Reduction  in 
hearths  is  only  an  imperfect  process  on  account  of  the  large  loss  of 
meta^  attending  it  and  the  excessive  consumption  of  fuel,  and  is 
consequently  only  rarely  used.  A  special  form  of  hearth  is  known  as 
the  Siberian  litharge  reduction  hearth,  in  which  the  fluid  litharge  is 
allowed  to  flow  uninterruptedly  out  of  the  cupellation  furnace  through 
a  mass  of  glowing  charcoal  placed  in  a  sort  of  box  in  front  of  the 
litharge  outlet.  The  air  for  the  combustion  of  the  charcoal  enters  by 
the  same  opening  from  which  the  reduced  lead  flows.  Such  an 
arrangement  is  economical  as  regards  fuel,  but  it  renders  the  working 
of  the  cupellation  hearth  more  difficult  and  exposes  the  workers  more 
to  the  fumes  of  lead ;  a  residue  is  also  left  which  requires  to  be  smelted 
in  the  blast  furnace.     This  Siberian  reduction  hearth  was  used  till 
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quite  recently  at  Schemnitz  in  Hungary  and  in  the  Altai 
Mountains. 

The  litharge  is  usually  reduced  in  reverberatory  furnaces;  by 
suitably  regulating  the  temperature,  excessive  loss  of  lead  by 
volatilisation  is  prevented,  and  foreign  metals  do  not  alloy  with  the 
lead,  but  in  this  case  also  rich  lead  residues  are  produced,  which 
require  to  be  smelted  in  blast  furnaces. 

The  furnaces  are  arranged  similarly  to  those  used  in  the  air- 
reduction  process,  being  built  with  sloping  hearths  of  brasque 
with  an  outlet  like  the  Carinthian  furnace  or  with  a  well.  The 
reduced  lead  flows  out  continually  in  the  first  case,  or  is  periodically 
tapped  if  the  latter  arrangement  be  adopted.  In  many  cases  the 
ordinary  German  cupellation  furnace  is  used  for  this  purpose,  a  tap 
hole  being  provided  for  running  off  the  collected  reduced  lead. 

The  litharge  is  not  intimately  mixed  with  carbon,  but  the  two  are 
charged  in  alternate  layers,  a  lean  coal  being  the  form  of  carbon 
generally  used.  Afber  charging,  a  feeble  fire  is  maintained  and  the 
temperature  raised  to  dull  redness,  the  mass  being  stirred  from  time 
to  time,  the  fire  being  increased  towards  the  end  of  the  operation  in 
oi-der  to  separate  the  last  portions  of  the  lead  from  the  residue ;  the 
renidue  is  then  withdrawn  and  a  fresh  charge  inserted.  The  residue 
consists  of  lead  oxide,  carbon,  impurities  contained  in  the  lead,  the 
ash  of  the  coal,  and  portions  of  the  hearth,  and  is  either  worked  up 
alone  or  with  other  lead  products  in  blast  furnaces,  or  if  antimony  is 
present,  it  is  smelted  for  hard  lead.  The  scums  which  form  on  the 
lead  afber  it  is  withdrawn  from  the  furnace  are  put  back  again  with 
the  litharge. 

At  Deebank  in  North  Wales  according  to  Rivot  4  charges  of 
litharge  of  3  tons  each  were  reduced  in  24  hours  in  a  furnace  11  feet 
6  inches  long  and  7  feet  6  inches  broad,  14  tons  of  fuel  being 
required  for  heating,  and  1*2  tons  of  coal  as  a  reducing  agent.  The 
yield  of  lead  was  90  per  cent,  and  the  residue  formed  3  per  cent, 
of  the  weight  of  the  litharge,  and  contained  40  to  50  per  cent,  of 
lead.  At  the  Pertusola  works  near  Spezzia  30  tons  of  litharge  are 
reduced  in  24  hours  with  a  yield  of  90  per  cent,  of  the  contained 
lead. 

The  reduction  of  litharge  in  blast  furnaces  is  best  effected  in  the 
modem  forms,  resembling  those  used  for  ore  smelting  and  arranged  as 
crucible  furnaces,  the  reduction  in  Spurofen  having  been  abandoned. 
The  litharge  is  mixed  with  slag  from  a  previous  operation  in  order 
to  protect  the  reduced  lead  from  the  action  of  the  blast ;  coke  or 
charcoal  is  used  as  fuel. 
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The  products  are  lead  and  slag,  the  lead  from  the  reduction  of 
litharge  poor  in  silver  being  comparatively  impure  as  compared  with 
the  market  lead  from  the  Parkes  and  Pattinson  desilveiising 
processes.  This  is  shown  by  the  following  determination  of  the 
foreign  bodies  present  in  the  lead  from  the  litharge  reductions  at  the 
Upper  Harz  smelting  works  : — 

Laatenthal  (Strong).  Glausthal  (HUgenberg). 

Copper 0-07  .  .  .  9*081 

Antimony 0240  .  .  .  0-023 

Iron 0-005  .  .  .  0*0086 

Zino 0-015  .  .  .  0013 

The  slags  are  rich  in  lead  (8  to  50  per  cent.)  and  are  consequently 
returned  to  the  process  and  they  also  mechanically  enclose  some 
unreduced  litharge ;  the  dross  (Bleidreck)  formed  on  the  surface  of  the 
lead  after  tapping  is  also  added  again  to  the  charge. 

In  the  Upper  Harz,  where  in  former  years  lead  was  directly 
cupelled  without  any  previous  concentration  of  the  silver  and  the 
litharge  produced  was  poor  in  silver,  the  reduction  of  the  litharge  was 
carried  out  on  a  large  scale.  At  the  present  time  only  the  small 
amount  of  lead  produced  in  matte  smelting  is  cupelled  directly,  the 
ordinary  work-lead  being  previously  desilverised  ;  consequently  a  very 
much  smaller  amount  of  poor  litharge  is  produced  and  this  is  reduced, 
together  with  bye-products  from  Parkes*  process,  or  else  added  to  the 
ore  smelting  charge. 

The  reduction  was  effected  in  sump  furnaces  16  feet  5  inches 
high,  with  one  tuyere,  working  with  an  air  pressure  of  ^^  to  f  of  an 
inch  of.  mercury.  To  every  100  parts  of  litharge  11*5  parts  of  slag 
from  the  same  smelting  were  added,  and  9  tons  of  litharge  were 
reduced  every  7  hours,  the  coke  used  forming  11  per  cent,  of  the 
weight  of  the  litharge. 

In  the  Lower  Harz  10  tons  of  litharge  were  smelted  by  2  tons  of 
coke  in  a  sump  furnace,  with  two  tuyeres,  working  with  a  blast 
pressure  of  f  inch  of  mercury. 

At  Freiberg  the  litharge  is  reduced  in  eight-tuyered  Pilz  furnaces, 
one  furnace  reducing  65  tons  of  litharge  mixed  with  33  per  cent,  of 
slag  in  24  hours  with  a  coke  consumption  of  4*5  to  5  tons.  The  slags 
obtained  carry  10  per  cent,  of  lead. 

The  hearths  of  the  cupellation  furnaces,  which  are  made  of  a 
mixture  of  lime  and  clay,  of  natural  marl,  of  bone  ash,  or  of  cem^it, 
absorb  lead  oxide  and  a  certain  amount  of  silver.  They  are  broken 
up  and  the  pieces  added  to  the  charge  in  the  smelting  of  argenti- 
ferous ores,  mattes  or  argentiferous  litharge,  in  blast  furnaces.     It 


LEAD  537 

is  only  rarely  that  the  hearth  is  smelted  by  itself  and  then  it  is 
most  conveniently  treated  in  blast  furnaces,  together  with  a 
flux. 

Scums  (Abzug)  form  upon  the  surface  of  the  impure  work-lead, 
when  it  is  flrst  melted  in  the  cupellation  furnace,  and  consist  of 
impurities  which  were  mechanically  entangled  in  the  lead,  particu- 
larly matte,  slag,  copper,  work-lead,  lead  oxide,  and  oxides  of  easily 
oxidisable  metals.  These  scums  are  added  to  the  ore  or  matte 
smelting  to  obtain  the  silver,  lead  and  copper  contained  in  them, 
or  if  produced  in  large  amounts  they  are  smelted,  together  with 
pyrites,  yielding  work-lead  and  a  matte  which  is  subsequently 
worked  up  for  the  copper,  silver,  and  lead  contained  in  it. 

At  Freiberg,  where  the  work-lead  contains  tin,  the  tin  is  found  in 
the  difficultly  fusible  scum  first  formed  on  the  surface  of  the  lead 
in  the  cupellation  furnace.  This  is  worked,  according  to  Plattner's 
process,  to  form  a  tin-lead  alloy ,^  the  composition  of  the  scum  being  as 
follows: — 

Lead  oxide 70*35  per  cent. 

Stannic  oxide 12*53 

Antimonic  oxide 1250 

Arsenic  oxide 4*73 

Cupric  oxide 0*61 


» 
7> 


Silver 025 


>» 


It  is  first  smelted  in  a  reverberatory  refining  furnace  with  5  per  cent, 
of  carbon  as  a  reducing  agent,  the  products  being  work-lead  and  an 
Abstrich  free  from  silver  but  containing  11*5  per  cent,  of  tin  and  14*5 
per  cent,  of  antimony.  This  Abstrich  is  then  smelted  in  the  Pilz  furnace 
with  150  per  cent,  of  slags  and  25  per  cent,  of  coke,  yielding  lead  con- 
taining 11'8  per  cent,  of  tin,  103  per  cent,  of  antimony,  and  3*5  per 
cent,  of  arsenic,  and  this  impure  lead  then  undergoes  an  oxidising 
melting  in  a  reverberatory  furnace,  yielding  an  Abstrich  rich  in  tin  and 
a  lead  containing  15  per  cent,  of  antimony.  The  Abstrich,  known  as 
first  tin  powder  (eraser  Zinnpvder),  is  smelted  in  blast  furnaces  with 
twice  its  weight  of  slag  from  a  previous  operation  or  with  slags  from 
the  first  operation  and  60  per  cent,  of  its  weight  of  coke,  again 
yielding  impure  lead  (zweites  Zinnfrischblei),  This  lead  is  again 
submitted  to  an  oxidising  melting  in  a  reverberatory  furnace,  and 
the  products  are  antimonial  lead,  with  18  per  cent,  of  antimony, 
1  per  cent,  of  arsenic,  and  0*5  per  cent,  of  tin,  and  a  second   tin 

*  Jahrbuch  far  dm  Berg-  und  HiitUnweeen  im  Konigr.  SachseUf  1883. 
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powder,  containing  44  to  50  per  cent,  of  lead,  24  to  27  per  cent, 
of  tin,  11  to  13  per  cent,  of  antimony,  048  to  0*95  per  cent,  of 
copper,  and  095  to  2*72  per  cent,  of  arsenic.  The  second  tin 
powder  is  smelted  in  a  furnace  7  feet  6  inches  high,  provided  with  a 
well  and  two  tuyeres,  in  charges  of  about  28  lbs.,  together  with  5^  lbs. 
of  coke,  yielding  an  impure  lead  with  33  per  cent,  of  tin,  14  per  cent  of 
antimony,  and  1  per  cent,  of  arsenic.  The  resulting  slag  contains 
considerable  quantities  of  tin,  both  mechanically  mixed  as  well  as 
combined,  and  it  is  smelted  without  any  addition,  except  20  per  cent. 
of  coke,  in  a  blast  furnace  for  *'  slag  tin-lead  "  of  much  the  same  com- 
position as  the  other  tin-lead.  The  slag  produced  contains  5*3  to  8*8 
per  cent,  of  stannic  oxide  and  is  rejected. 

Abstrich  is  a  mixture  of  lead  oxide  and  antimoniate,  together  with 
oxides  of  the  common  metals  present  in  the  lead,  and  is  produced  in 
the  refining  or  softening  of  argentiferous  lead  before  desilverising 
the  same,  or  in  the  refining  of  lead  free  from  silver,  or  of  lead  which 
has  undergone  the  process  of  desilverising. 

The  Abstrich  is  as  a  rule  submitted  to  a  preliminary  process  of 
liquation  in  order  to  separate  as  much  of  the  lead  as  possible,  and  at 
the  same  time  to  concentrate  the  antimony  contained  in  it,  and  then 
if  it  contains  sufficient  antimony  it  undergoes  a  reducing  smelting 
with  the  production  of  a  lead-antimony  alloy,  or  hard  lead.  If 
the  Abstrich  is  poor  in  antimony,  it  is  added  to  the  ore  or  matte 
smelting. 

The  liquation  of  the  Abstinch  is  conducted  in  reverberatory  furnaces 
with  brasque  hearths,  in  lead  refining  furnaces,  or  in  the  cupellation 
hearth.  It  is  either  melted  directly  on  the  hearth  or,  as  in  the  Upper 
Harz,  laid  on  a  layer  of  wood  placed  on  the  hearth,  and  it  is  also 
mixed  with  some  coal,  which  serves,  together  with  the  layer  of  wood, 
for  the  reduction  of  the  oxide.  The  fluid  lead  is  first  run  oflF,  and  as 
soon  as  this  has  been  ladled  out  of  the  tapping  hearth  the  molten 
Abstrich  is  also  tapped  off ;  or  else  the  entire  contents  are  tapped  at 
once,  the  heavier  lead  sinking  to  the  bottom  of  the  tap  hearth,  and 
the  lighter  Abstrich  overflowing  on  to  the  working  floor.  The  liquated 
argentiferous  lead  is  then  usually  cupelled  or  desilverised  by  zinc 
after  refining. 

At  Lautenthal,  in  the  Upper  Harz,  the  liquation  of  the  Abstrich 
produced  in  the  cupellation  of  the  lead  from  matte  smelting  is  con^ 
ducted  in  a  German  cupellation  furnace  with  brasque  hearth  and  tap 
hole  and  tapping  hearth.  The  brasque  is  made  of  four  parts  of  coke 
and  one  of  clay  slate,  and  a  charge  of  four  tons  of  Abstrich  is  placed  on 
a  layer  of  brushwood  previously  put  on  the  hearth.     The  fireplace 
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is  provided  with  an  air  blast,  coal  and  brushwood  being  used  for 
fuel,  the  liquation  of  the  four  tons  taking  ten  hours.  The  molten 
lead  is  first  tapped  out,  and  after  this  has  been  ladled  out  of  the 
tapping  hearth  the  molten  Abstrich  is  allowed  to  flow  in.  In  a 
particular  instance  16  tons  of  Abstrich  yielded  9*7  tons  of  liquation 
residue  and  6  tons  of  lead,  the  fuel  used  consisting  of  100  faggots  of 
brushwood  and  3'6  tons  of  coal,  together  with  a  ton  of  coke  for  the 
brasque  hearth.  In  another  case  at  Lautenthal  from  7,275  lbs.  of 
Abstrich  with  86  per  cent,  of  lead,  1,322  lbs.  of  lead  and  5,511  lbs. 
of  liquated  Abstrich  were  obtained.  Work-lead  from  matte  is  at 
present  refined  in  reverberatories,  and  then  desilverised  by  the 
zinc  process. 

At  Freiberg,  the  argentiferous  AbstHch  is  mixed  with  20  per  cent, 
of  coal  and  then  liquated  in  the  furnace  used  for  refining  the  work- 
lead  before  desilverising.  Seven  tons  of  Abstrich  are  treated  in  24 
hours  with  a  consumption  of  15  per  cent,  of  coal  and  5  per  cent,  of 
brown  coal,  1*9  tons  of  lead  and  3  tons  of  liquation  residue  containing 
10  to  14  per  cent,  of  antimony  being  obtained.^ 

The  *'  freshening,"  or  reduction  of  the  Abstrich,  is  carried  out  in 
furnaces  similar  to  those  used  in  reducing  litharge.  Owing  to  its 
difficult  fusibility  this  is  best  effected  in  one  of  the  modem  forms 
of  blast  furnace  into  which  the  Abstrich  is  charged,  together  with 
slags  from  a  previous  operation  and  slags  from  the  matte  and  ore 
smelting.  In  the  reducing  smelting,  the  antimony  contained  in 
the  Abstrich  combines  with  the  lead,  and  the  antimony  reduced  from 
the  lead  antimoniate  present  is  also  taken  up  by  the  lead  which  is 
present  in  excess. 

The  percentage  of  antimony  in  the  hard  lead  obtained  varies  a 
good  deal  according  to  the  percentage  of  antimony  in  the  materials 
from  which  it  was  derived ;  usually  it  is  from  10  to  20  per  cent.,  but 
occasionally  rises  to  as  much  as  40  per  cent.  In  many  cases  the  hard 
lead  is  still  further  purified  by  melting  in  pots  and  passing  steam 
through,  as  in  the  Upper  Harz,  or  by  poling. 

In  addition  to  the  liquated  Abstrich  there  are  other  materials  which 
are  worked  up  for  antimonial  lead,  namely,  bye-products  obtained  in 
refining  the  desilverised  work-lead,  litharge  from  the  cupellation  of 
the  lead  obtained  in  matte  smelting,  dross  from  the  casting  of  pig 
lead,  and  scums  and  dross  from  the  tap  hearths  and  pots  in  which  the 
hard  lead  is  collected. 

At  Lautenthal  the  process  of  smelting  for  hard  lead  is  canied  on 
in  a  well  furnace,  with  one  tuyere,  worked  with  a  blast  pressure  of 

^  Jahrbuch  fiir  (Iom  Berg-  und  HfUtcnwetten  im  Konujr,  Sarfuien^  1883. 
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about  an  inch  of  mercury.     The  charge  was  at  one  time  made  up  as 
follows : — 

4*50  tons  of  liquated  Ahslrich  from  the  capellation  of  matte  lead. 
60*25    ,,     ,,  Abstrich  from  the  refining  of  desilverised  lead. 


10-00 

4-50 

4-76 

12-70 

2615 

1-95 


,,  scums  from  the  purification  of  hard  lead  in  cast-iron  pots. 

,,  Abstrich  from  the  hard  lead  in  the  tap  hearth. 

,,  scums  from  pig  lead  (the  second  quality  of  market  lead). 

,,  slag  from  ore  smelting. 

,,  slag  from  a  previous  operation. 

,,  roasted  copper  pyrites. 


By  a  consumption  of  12*75  tons  of  coke,  64  tons  of  lead  and  4*5 
tons  of  scums  from  the  tapping  hearth  are  obtained,  and  10  tons  of 
drosses  are  treated  in  24  hours. 

The  hard  lead  which  is  produced  by  this  process  is  melted  in 
cast-iron  pots  in  quantities  of  11  to  12  tons  at  a  time.  Four  hours 
after  charging,  the  dross  (Schlicker)  forming  on  the  surface  is 
skimmed  off,  and  then  steam  is  passed  through  the  molten  metal,  the 
temperature  of  which  is  not  much  above  400*"  C,  for  10  to  15  minutes, 
after  which  the  purified  lead  is  ladled  into  moulds.  A  certain 
amount  of  copper  is  always  added  to  the  hard  lead  in  the  pot.  Cnide 
hard  lead  containing  2  per  cent,  of  arsenic  is  added  to  the  hard  lead 
to  produce  a  uniform  fracture.  From  100  tons  of  hard  lead  obtained 
as  above,  78  tons  of  antimonial  lead  and  22  tons  of  dross  or  scum 
are  obtained  with  a  consumption  of  160  lbs.  of  coal  and  1  cubic  foot  of 
wood  per  ton  of  hard  lead. 

The  average  percentage  of  antimony  present  in  refined  hard  lead 
is  17  to  19,  and  the  silver  content  O'OOl  to  0*002  per  cent. 

The  composition  of  the  refined  antimonial  lead  from  the  Upper 
Harz  is  as  follows : — 

1890-1. 

Lead 81-71      .    . 

Antimony 17*69 

Copper 0-62      .    . 

At  Freiberg,^  the  Abstrich  from  the  refining  of  the  argentiferous 
lead  previous  to  desilverising  is  liquated  in  reverberator}-  furnaces, 
with  2  per  cent,  of  coal  for  reduction,  and  then  smelted  in  a  Pilz 
furnace,  the  liquated  Abstrich,  which  contains  10  to  14  per  cent,  of 
antimony,  being  mixed  with  an  equal  weight  of  poor  lead  slags  or  of 
slags  from  a  previous  operation.  In  24  hours,  22  to  23  tons  of 
Abstrich  are  smelted  with  a  consumption  of  0"9  ton  of  coke,  and  the 
production  of  3'5  tons  of  hard  lead  containing  18  per  cent,  of  antimony, 

*  Jahrbuch  fur  das  Berg-  und  HuUenicesen  im  KUnigr,  Sachsen^  1883. 
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.      17-34 

0-68      . 
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3  per  cent,  of  arsenic,  and  0*4  per  cent,  of  tin.  This  hard  lead  is 
melted  in  cast-iron  pots  in  quantities  of  15  tons  and  poled  for  4 
hours,  the  entire  purification  process  lasting  7  hours.  Every  100 
parts  of  crude  hard  lead  yield  85  of  refined  hard  lead  and  15  parts 
of  dross ;  3  per  cent,  of  brown  coal  and  3*5  per  cent,  of  bituminous 
coal  are  used  as  fuel.  The  refined  hard  lead  contains  15  per  cent, 
of  antimony,  2*5  per  cent,  of  arsenic,  and  0*3  per  cent,  of  tin. 

The  drosses,  or  scums,  &c.  (Schlicker),  obtained  in  refining  the  hard 
lead  are  submitted  to  a  process  of  liquation  in  the  ordinary  lead 
softening  or  refining  furnace,  by  which  means  a  quantity  of  hard  lead 
(72*6  per  cent.),  containing  13*2  per  cent,  of  antimony,  28  per  cent,  of 
arsenic^  and  0*1  per  cent,  of  tin,  is  obtained.  On  account  of  the  con- 
siderable amount  of  tin  in  it,  the  residue  remaining  after  the  liquation 
is  added  to  the  reduction  process  for  tin  Abstrich  (see  page  537).  The 
rich  lead  slags  from  the  Absti'ieh  reduction  are  smelted  separately 
in  blast  furnaces  for  hard  slag  lead,  which,  like  the  hard  lead 
from  the  Abstrich  reduction,  is  purified  by  melting  in  iron  pots  and 
poling. 

In  the  first  slag  smelting,  the  slags  produced  are  too  rich  in 
lead  and  antimony  to  be  thrown  away,  and  they  are  consequently 
smelted,  with  an  addition  of  10  per  cent,  of  limestone,  in  blast  furnaces, 
yielding  a  waste  slag  containing  2*5  per  cent,  of  antimony  and  slag 
lead.  In  this  process  25  tons  of  slag  are  smelted  in  24  hours,  with  a 
consumption  of  20  per  cent,  of  coke.  The  various  bye-products  ob- 
tained in  refining  lead  are  cupriferous  scums,  liquation  residues 
(Saigerddmer),  drosses  and  lead  ashes,  and  zinciferous  lead  oxides. 
The  scums  and  liquation  residues  are  added  to  the  charge  in  ore 
and  matte  smelting,  or  smelted  separately  with  an  addition  of  pyrites, 
the  products  being  work-lead  and  matte.  Argentiferous  scums 
undergo  a  liquation  process  previous  to  smelting,  by  which  means 
argentiferous  lead  and  a  liquation  residue  are  produced.  Abstrich 
and  all  antimonial  bye-products  are  treated  in  the  manner  previously 
described,  in  order  to  obtain  an  antimonial  hard  lead.  Zinciferous 
oxides  are  added  to  the  charge  in  smelting  ores  poor  in  silver,  or  else 
worked  up  separately,  together  with  basic  iron  slags,  or  with  the 
addition  of  poor  litharge.  When  these  oxides  consist  of  a  finely 
divided  mixture  of  zinc  and  lead  oxides  and  shots  of  metallic  lead,  as 
is  the  case  when  they  are  produced  in  the  dezincifying  of  the 
desilverised  lead  by  means  of  steam,  they  are  submitted  to  a 
washing  j^ocess  before  being  reduced ;  the  zinc  oxide  thus 
washed  out  contains  a  good  deal  of  lead  oxide,  and  is  saleable  as  a 
pigment. 
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Lead  ashes  (Bleidreck)  are  added  either  to  the  ore  smelting  charge 
or  the  smelting  of  oxides  poor  in  silver,  or  to  the  "freshening"  of 
poor  litharge. 

The  Refining  of  Lead 

The  lead  obtained  by  any  of  the  processes  previously  described 
contains  in  most  cases  other  elements  as  impurities,  and  if  they  are 
present  in  any  quantity  they  exert  an  injurious  influence  on  the 
properties  of  the  market  lead.  These  elements  are  copper,  arsenic, 
antimony,  zinc,  iron,  bismuth,  tin,  and  sulphur,  and  their  removal, 
when  they  exceed  a  certain  proportion,  is  necessary  before  the  lead  is 
sent  to  market.  This  purification  of  the  lead  is  also  necessary  in 
the  case  of  work-lead  which  is  to  be  desilverised,  as  the  presence  of 
copper,  antimony,  arsenic,  and,  in  the  case  of  Parkes's  process,  of 
nickel  and  cobalt,  interferes  with  the  proper  conduct  of  the  desil- 
verising  process. 

Lead  which  ha^  been  desilverised  by  zinc,  no  matter  whether  it 
had  undergone  a  previous  purification  or  not,  must  still  be  refined  to 
free  it  from  the  zinc  and  other  impurities  taken  up  in  the  process. 
Purification  processes  must  consequently  be  divided  into  three 
classes : — 

1.  The  refining  of  lead  free  from  silver. 

2.  The  refining  of  argentiferous  lead. 

3.  The  refining  of  desilverised  lead. 

The  method  of  refining  depends  upon  the  nature  and  amount  of 
the  impurities  which  have  to  be  eliminated,  and,  provided  they  are 
similar  in  each  instance,  precisely  similar  methods  are  used  for  each 
class  of  lead. 

The  elements  commonly  present  as  impurities  in  lead,  viz.,  arsenic, 
antimony,  tin,  zinc,  nickel,  cobalt,  iron,  and  sulphur,  possess  a  greater 
affinity  for  oxygen  than  lead  itself,  and  can  in  consequence  be  got  rid 
of  by  an  oxidising  fusion.  Copper  and  bismuth  alone  possess  a 
smaller  afiinity  for  oxygen  than  lead,  and  consequently  cannot  be 
completely  eliminated  by  oxidation.  Copper,  however,  forms  with 
lead  a  copper-lead  alloy,  less  fiisible  than  lead  alone,  and  this  sepa- 
rates out,  when  the  lead  is  melted,  as  a  crust  or  scum  {Schlidcer, 
Abzug)j  or  it  remains  behind  in  the  solid  form,  as  a  liquation  residue 
{Saigerdoimer),  when  the  lead  is  liquated.  Nickel  and  cobalt  too, 
along  with  some  arsenic,  pass  largely  into  these  scums.     Zinc  also 
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possesses  the  power  of  extracting  copper  from  cupriferous  lead,  form* 
ing  with  it  an  alloy  which  separates  out  on  the  surfiu^e  of  the  molten 
metal  as  it  cools. 

Bismuth  cannot  be  separated  from  lead  by  any  of  the  above 
methods.  In  the  concentration  of  argentiferous  lead  by  Pattinson's 
process  it  goes  with  the  silver  into  the  rich  silver  lead,  and  is  subse^ 
quently  obtained  in  the  litharge  from  the  cupellation  furnace.  But 
in  other  cases  where  the  lead  is  free  from  silver,  or  where  the  zinc 
process  of  desilverising  is  employed  and  the  lead  is  not  cupelled  and 
the  litharge  reduced,  the  whole  of  the  bismuth  remains  in  the  lead. 
The  presence  of  even  large  quantities  of  bismuth  up  to  as  much  as 
1*9  per  cent.,  which  only  rarely  occurs,  does  not,  according  to  Junge 
of  Freiberg,  interfere  with  the  malleability  of  the  lead,  and  it  is  there- 
fore scarcely  necessary  to  consider  processes  for  the  separation  of 
bismuth  from  lead  unless  the  extraction  of  bismuth  from  the  lead  is 
a  matter  of  special  importance.  Refining  processes  resolve  them- 
selves into  the  separation  of  copper  by  liquation  or  by  means  of  zinc, 
and  the  extraction  of  other  metals,  with  the  exception  of  bismuth 
and  the  precious  metals,  by  melting  in  an  oxidising  atmosphere. 

If  the  amount  of  copper  is  considerable,  the  lead  is  first  liquated 
in  a  special  liquation  furnace ;  otherwise  the  copper,  together  with 
some  other  constituents,  is  eliminated  when  the  lead  is  melted 
in  the  desilverising  pots  or  in  the  refining  furnace,  in  the  form  of  a 
scum,  which  rises  to  the  surface  of  the  molten  metal  and  can  be 
skimmed  oflF,  further  purification  of  the  lead  being  effected  by 
prolonged  oxidation. 

In  the  desilverising  of  lead  by  means  of  zinc,  a  very  perfect  separa- 
tion of  copper  is  effected,  as  the  last  portions  alloy  with  the  zinc  and 
are  taken  off  with  the  zinc  scum. 

The  oxidising  fusion  is  effected  by  the  agency  of  air,  or  when 
certain  elements  are  present,  steam  or  lead  oxide  may  also  be  used  as 
oxidising  agents. 

Iron,  which  is  only  present  to  a  small  extent  in  lead  (0*02  to  0*07 
per  cent.),  is  easily  oxidised  as  soon  as  the  temperature  of  the  molten 
bath  of  metal  reaches  dull  redness ;  sulphur  behaves  similarly,  and 
also  nickel  and  cobalt  if  not  present  in  excess. 

Zinc  easily  oxidises  when  the  molten  lead  attains  a  red  heat  in 
contact  with  air,  or  it  is  also  readily  attacked  and  removed  as  oxide 
by  blowing  steam  through  the  molten  metal,  hydrogen  being  liber- 
ated at  the  same  time.  It  can  also  be  removed  by  melting  with 
litharge  in  reverberatory  furnaces,  or,  as  was  formerly  practised,  by 
smelting  the  zinciferous  lead  with  tap  cinder  in  blast  furnaces,  the 
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zinc  going  into  the  slag.  Zinc  can  also  be  removed  as  chloride  by 
melting  the  lead  with  chlorides  such  as  common  salt  or  Abraumsalz. 
As  a  rule,  air  is  employed  as  an  oxidising  agent  for  the  removal 
of  the  zinc,  or,  to  a  lesser  extent,  steam,  the  use  of  chlorides  being 
r^re.  Tin  is  readily  oxidised  at  a  red  heat,  and  separates  thereby  as 
a  dross  on  the  surface  of  the  bath. 

Arsenic  and  antimony,  when  present  in  lead,  are  oxidised  at  a 
cherry  red  heat  in  presence  of  air,  forming  arseniate  and  antimoniate 
of  lead  which  separate  out  as  dross  on  the  surface  of  the  molten  metal. 
The  oxidation  of  both  metals  is  promoted  by  a  blast  of  air  and  by 
making  lead  oxide  serve  as  an  oxidising  agent,  the  use  of  an  air-blast 
being  particularly  necessary  when  large  quantities  of  arsenic  and 
antimony  are  present.  The  separation  of  the  foreign  metals  is  pro- 
moted by  constantly  renewing  the  surface  of  the  lead  exposed  to  the 
oxidising  agent,  and  to  attain  the  same  end  steam  is  blown  through 
the  lead  or  it  is  poled  with  green  wood,  the  violent  agitation  produced 
in  both  cases  exposing  large  surfaces  of  fresh  lead  to  the  air.  Salt- 
petre and  sodium  carbonate  and  hydrate  were  formerly  also  used  as 
oxidising  agents. 

Lastly,  argentiferous  lead  may  be  purified  by  electrolysis  (Keith's 
process),  but  for  economical  reasons  this  method  has  not  come  into 
general  use. 

The  selection  of  the  particular  form  of  apparatus  to  be  used  for 
the  purification  of  lead,  depends  upon  the  degree  of  purity  required, 
the  forms  of  apparatus  being  fore-hearths,  pots  of  cast  iron  or  cast- 
steel,  and  reverberatory  furnaces. 

Purification  in  the  fore-hearth  is  only  resorted  to  when  the 
amount  of  impurity  present  in  the  lead  is  small,  consisting  chiefly 
of  small  quantities  of  copper  or  zinc ;  antimony  when  present  in 
small  quantities  can  also  be  removed  by  poling  the  metal  at  a  red  heat 

Purification  is  carried  on  in  pots  with  varieties  of  lead  which  do 
not  contain  too  much  copper,  and  a  proportionately  small  quantity  of 
antimony  and  particularly  of  arsenic ;  zinc,  however,  may  be  present 
up  to  the  point  of  saturation. 

The  refining  in  reverberatory  furnaces  is  applicable  to  all  varieties 
of  lead  containing  larger  amounts  of  copper,  arsenic  and  antimony, 
and  reverberatory  furnaces  are  also  used  for  extracting  the  zinc  from 
lead  which  has  been  desilvered  by  its  means.  If  very  large  per- 
centages of  copper  are  present,  a  preliminary  liquation  is  resorted  to 
before  refining,  but  otherwise  the  elimination  of  the  copper  is  eflected 
in  the  reverberatory,  refining  or  softening  furnace,  before  the  other 
impurities  present  are  removed. 
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Refining  in  fm^e-hearths 

When  molten  lead  at  a  red  heat  is  permitted  to  cool  down  in 
order  that  it  may  attain  the  necessary  temperature  for  casting  into 
moulds,  the  copper  and  zinc  contained  in  it  separate  out  on  the  surface 
as  a  skin  or  crust  {Krdtze,  Bleidreck  or  Schlicker)^  and  this  skin  is 
removed  by  means  of  a  wooden  or  iron  scraper  as  fast  as  it 
is  formed.  Large  quantities  of  copper  cannot,  however,  be  re- 
moved in  this  manner,  as  the  lead  soon  cools  down  to  the  casting 
temperature. 

Small  quantities  of  antimony  and  arsenic  can  be  removed  from 
lead  by  poling  it  with  green  wood  or  a  bundle  of  green  twigs,  when 
heated  to  redness  in  the  tapping  hearth. 

Refining  in  pots 

serves  equally  well  for  the  separation  of  copper,  nickel  and  cobalt 
as  for  other  elements,  the  copper  or  nickel  and  cobalt  separating 
out  on  the  surface  of  the  bath  of  metal  when  it  is  first  melted.  The 
last  portions  of  copper  can  be  removed  by  the  addition  of  zinc, 
which  alloys  with  the  copper,  and  the  alloy  rising  to  the  surface  can 
be  skimmed  off. 

For  the  removal  of  the  other  elements  (tin,  arsenic,  antimony  and 
zinc),  the  bath  of  metal  must  be  heated  to  redness  and  exposed  to  the 
action  of  the  air  as  much  as  possible,  poling  or  the  blowing  through 
of  steam  being  employed  for  this  purpose.  When  steam  is  blown 
through,  the  pot  is  covered  with  a  hood  having  an  exit  pipe  for  the 
vapours  and  an  opening  for  the  entrance  of  air.  If  the  molten  bath 
contains  zinc,  the  water  is  decomposed,  hydrogen  being  evolved,  so  that 
the  presence  of  air  is  not  requisite  in  this  case ;  antimony  and  arsenic 
however  exert  no  such  action,  and  the  presence  of  air  is  therefore 
necessary  in  case  they  exist  in  the  lead. 

Pots  are  chiefly  used  for  refining  when  the  desilverising  and  re- 
fining processes  are  worked  in  conjunction. 

In  desilverising  lead  by  the  Pattinson  process  (see  Silver)  high 
temperatures  are  not  used.  The  process  depends  upon  the  fact  that 
if  molten  argentiferous  lead  is  cooled,  crystals  poor  in  silver  separate 
out  when  it  attains  a. certain  temperature,  whilst  the  portion  still 
remaining  fluid,  the  mother  liquor,  is  much  richer  in  silver.  By 
several  repetitions  of  this  process  lead  almost  free  from  silver,  and  a 
highly  argentiferous  lead,  are  obtained.  During  the  frequent  meltings, 
which  are  effected  in  cast  iron  vessels,  the  greater  portion  of  the 
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copper,  as  well  as  of  the  nickel  and  cobalt,  separates  as  scum.  Bismuth 
goes  with  the  silver  and  collects  in  the  argentiferous  lead,  but  the 
other  eleitients  present  are  mostly  found  remaining  in  the  desilverised 
lead  at  the  end  of  the  operation,  as  the  red  heat  necessary  for  their 
oxidation  is  not  attained  in  the  process.  If  these  elements  are 
present  in  large  quantities,  the  Pattinson  process  must  be  preceded 
by  a  refining  operation,  and  if  large  quantities  of  copper  are  present, 
by  liquation  also. 

The  following  analyses  by  Hampe,^  which  refer  to  lead  to  be 
desilverised  by  zinc,  show  how  completely  the  Upper  Harz  lead  is 
purified  by  a  single  melting  in  pots  at  low  temperatures,  the  metal 
never  being  brought  to  redness.  This  lead  is  sufficiently  pure  to 
permit  of  the  preliminary  i:efining  before  desilverising  being  dis- 
pensed with : — 
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0*0907 
0-0083 
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0-0032 
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For  the  zinc  desilverising  process  the  lead  must  only  contain  a 
small  amount  of  copper,  otherwise  the  zinc  added  is  taken  up  by  the 
copper,  consequently  cupriferous  leads  require  to  be  liquated  before 
desilverising.  Other  elements,  too,  especially  arsenic  and  antimony, 
may  only  be  present  in  small  amounts,  previous  refining  being 
necessary  if  they  exceed  a  certain  percentage. 

The  zinc  desilverising  process  depends  upon  the  fact  that  if  zinc  be 
melted  together  with  argentiferous  lead  and  the  whole  allowed  to  cool 
the  silver  alloys  with  the  zinc  and  collects  as  a  scum  or  crust  upon  the 
surface  of  the  molten  mass.  The  lead  takes  up  about  05  per  cent  of 
zinc  which  it  retains  after  the  desilverising. 

As  zinc  possesses  even  a  greater  affinity  for  copper  than  it  does  for 
silver,  the  process  of  desilverising  by  zinc  effects  a  very  complete 

1  Zeihchri/i  /Or  Benj-^  HiUHn-  nnd  Salinenwtsen  Preus8,,  XVIII.,  p.  20S. 
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removal  of  any  copper  contained  in  the  lead.  The  other  metals  which 
are  present,  especially  antimony  and  arsenic,  chiefly  remain  behind  in 
the  lead,  and  are  separated  together  with  the  zinc  absorbed  during 
desilverising,  by  refining.  This  refining  is  effected  by  heating  the 
metal  to  a  cherry  red  heat  and  passing  steam  through  it,  air  being 
excluded  at  first,  and  after  the  zinc  has  been  eliminated  in  that  way 
the  remaining  elements,  particularly  antimony  and  arsenic,  are  got  rid 
of  by  continuing  the  current  of  steam  and  at  the  same  time  permitting 
the  air  to  have  access  to  the  bath  of  molten  metal.  The  zinc  is 
eliminated  either  as  a  powdery  dross  or  as  a  fluid  scum,  antimony 
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forming  a  fluid  Abstrich  solidifying  to  a  black  or  greyish-black  mass,  or 
the  zinc  and  antimony  may  be  both  contained  in  the  same  scum. 

It  is  possible  to  eliminate  zinc  by  blowing  air  through  the  molten 
mass,  but  the  oxidation  of  the  lead  is  excessive.  Attempts  have  also 
been  made  to  eliminate  zinc  alone  by  blowing  carbon  dioxide  through 
the  molten  mass  kept  at  a  red  heat ;  though  this  has  proved  to  be  a 
success  in  experiments  conducted  on  the  small  scale,  it  has  not 
answered  in  practice  where  gases  containing  only  15  to  20  per  cent,  of 
carbon  dioxide  have  been  employed. 

The  removal  of  zinc  as  chloride  by  treating  the  metallic  bath  with 
aodium  chloride  or  Ahraumsah  is  only  very  rarely  used  at  present. 
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Refining  in  pots  is  a  quick  process,  a  pot  full  of  lead  holding  from 
12'5  to  20  tons  requiring  only  from  three-quarters  of  an  hour  to  three 
hours ;  as,  however,  it  Ls  necessary  to  heat  the  vessel  to  redness  it 
entails  a  considerable  outlay  both  for  pots  and  for  fiiel,  and  more  oxide 
and  scums  are  produced  than  when  refining  in  reverberatory  furnaces. 
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The  pots  are  especially  attacked  at  the  edge  of  the  layer  of  molten 
metal  when  arsenic  is  present,  and  large  amounts  of  antimony  hasten 
the  corrosion  of  the  vessel.  Against  this  must  be  set  the  smaller  losa 
of  lead  when  refined  in  pots  as  compared  with  the  loss  in  reverberator}* 
furnaces. 
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The  refined  lead  was  formerly  removed  from  the  vessel  by  ladles, 
but  at  present  it  is  most  conveoieDtly  syphoned  off  or  else  pumped 
out  by  means  of  a  Rosing's  lead  pump. 

The  arrangement  of  a  pot  for  a  15-ton  charge  is  shown  in  Figs. 


372  to  375.  The  hot  gases  from  the  fire  come  in  contact  first  with 
the  bottom  of  the  vessel,  then  pass  through  an  opening  in  the  masonry 
into  a  flue  running  round  the  upper  part  of  the  pot,  and  after 
circulating  round  the  vessel  pass  away  by  y  to  the  flues  leading  to  the 
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stack.     Recently  freely  suspended  pots  have  been  employed.     The 
wrought  iron  hood  is  seen  in  Fig.  376.     Four  doors  t  let  into  the 
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sides  of  this  hood  are  opened,  when  antimony  and  arsenic  are  being 
volatilised.     The  steam  escapes  through  the  pipe  r. 
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The   arrangement   for  passing  steam    into  the  mass  is  shown 
in  Figs.  377  and  378.     The  cast-iron  pipe  z  is  bolted  to  the  branch 
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m,  of  the  steam -piped;   mean  be  closed  by  a  blank  flange  when 
steam  is  not  required. 
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The  process  in  use  in  the  Upper  Harz  may  be  taken  as  an 
instance  of  the  combined  desilverising  and  refining  process  conducted 
in  pots.  The  lead  which  is  treated  there  has  (according  to  Hampe) 
the  following  composition : — 


Lead 

dausthaL 

Lautenthal. 

Altenau. 

1 

98-2944 
0*1862 

98*9647 
0*2838 

98*8378 
0*2399 

Copper •    .    . 

Antunony 

0-7203 

0*6743 

0*7686 

Araenic  ...*.... 

0-0064 

0*0074 

0-0009      ! 

Bismuth    .    •  •    .... 

0*0048 

00082 

0-0039 

Silver 

0-1412 

0-1421 

0*1400 

Iron 

00064 

00089 

0*0036 

Zinc 

0*0028 

00024 

0*0026 

Nickel 

0-0023 

0*0068 

0*0028 

Cobalt 

0-0001 

0*0003 

0*0001 

The  lead  is  melted  in  cast-iron  pots  holding  16  tons,  8  hours 
being  required.  During  this  period  the  greater  part  of  the 
copper  separates  out  as  a  crust  (Schlicker)  on  the  sur&ce  of  the  bath, 
and  this  is  skimmed  off.  The  silver  is  next  extracted  from  the  lead 
by  means  of  zinc  (see  Silver),  this  requiring  15  hours,  the  zinc  also 
extracting  the  copper  very  completely  as  shown  by  the  analyses  which 
follow.  After  desilverising,  the  lead  will  have  taken  up  0'7  per  cent, 
of  zinc  and  still  retains  the  greater  part  of  the  antimony. 

The  separation  of  these  bodies  is  at  once  proceeded  with  in  the 
same  vessel,  the  zinc  being  first  eliminated  by  blowing  steam  through 
in  the  absence  of  air,  and  then  the  antimony  by  the  combined  action 
of  steam  and  air.  With  this  object  the  bath  of  molten  metal,  which 
is  at  a  low  temperature  at  the  conclusion  of  the  desilverising  opera- 
tion, is  heated  strongly  for  4  hours,  the  temperature  reaching  dull 
redness ;  the  hood  before  mentioned  is  then  placed  over  the  pot  in 
order  to  exclude  air,  and  steam  at  2^  atmospheres  pressure  in  led  in 
by  the  cast-iron  pipe  to  the  bottom  of  the  pot ;  hydrogen  is  evolved 
and  zinc  oxide  rises  to  the  surface.  It  is  not  possible  to  completely 
exclude  air ;  some  is  introduced  with  the  steam,  some  finds  its  way  in 
through  imperfect  fitting  of  the  hood  and  through  the  wide  draught 
pipe,  and  consequently  a  portion  of  the  lead  and*  antimony  is  also 
oxidised  in  addition  to  the  zinc.  Samples  taken  at  intervals  gave, 
according  to  Kuhlemann,  0'40  per  cent,  of  zinc  after  passing  steam 
through  for  half  an  hour,  01 16  per  cent,  after  an  hour  and  a  half 
when  only  a  little  "  zinc  rag  "  still  formed  on  pouring  out  from  a  ladle, 
and  0*0004  per  cent,   of  zinc  when  no  more  "  rag "  was  produced 
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and  the  oxides  appeared  perfectly  dry.  This  shows  that  the  elimina- 
tion of  the  zinc  is  complete,  2  hours  being  as  a  rule  required  After 
removing  the  hood,  the  yellow  powder  on  the  surface  of  the  bath, 
consisting  of  a  mixture  of  zinc  and  lead  oxides  and  small  shots  of 
lead,  is  taken  off  with  a  ladle,  the  hood  is  replaced,  the  four 
doors  in  it  opened,  and  steam  again  passed  through.  The  air 
drawn  through  the  doors  of  the  hood  now  oxidises  the  antimony, 
which  collects  as  a  blackish  fluid  mass  on  the  surface  of  the  molten 
metal ;  this  scum,  known  as  Abstrich,  is  a  mixture  of  lead  and 
antimony  antimoniates.  The  process  lasts  about  two  hours,  and  its 
termination  is  marked  by  the  formation  of  ordinary  yellow  litharge, 
the  lead  remaining  after  the  Abstrich  is  removed  being  pure.  The  con- 
tents of  the  pot  are  now  allowed  to  stand  for  about  an  hour  to  cool 
down,  and  are  then  drawn  off  with  the  aid  of  a  lead  pump  and  cast  into 
moulds.     Each  pot  lasts  some  60  charges. 

The  composition  of  the  refined  lead  is  shown  by  the  following 
analyses  made  in  the  Royal  Laboratory  at  Clausthal : — 


1 

Analyst.                    1         Fraatz. 

Fraatz. 

Rteing. 

Lead  made  in 
the  year  1899. 

Sismuth 
Copper  . 
Antimony 
Silver     .    . 
Cadmium 
Iron    .    . 
Kickel    .    . 
Zinc    .    . 
Lead  .    . 
Tin.    .    . 

0-00737 
000072 
000441 
0-0006 
traces 
0-00116 
traces 
0-0005 
99-98524 

0004437 
0-00061 
000406 
00005 
traces 
000096 
traces 
0-00030 
99-9892 

0-00858 
0-00028 
0-00497 
0-00030 
0-00082 
0-00082 
0-00126 
0-00086 
99-98275 

0-00110 

000056 
0-00200 
0-00080 
0-00060 
0-00046 

0-00018 

99-98700 

0-00031 

Before  the  introduction  of  the  zinc  desilverising  process, the  market 
lead  of  the  Upper  Harz  was  obtained  by  Pattinson's  process,  and  this 
lead  was  less,  pure  than  that  obtained  by  the  zinc  method  as  shown 
by  the  following  analyses : — 


Copper 

Antimony 

Iron 

Zinc 

Altenau 
(Streng). 

Clauathal 
(Hampe). 

Lautenthal 
(Hampe). 

0-02 
0-04 
0-0035 
0-008 

0039 
0-004 
0-004 

0-0374 
0-0016 
0-0044 

The  content  of  silver  in  the  above  samples  was  0*0025  per  cent. 
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Eefining  of  had  in  reverberalory  furnaces 

This  is  the  cheapest  method  of  aofbening  lead,  and  is  particularly 
applicable  when  large  quantities  of  arsenic  and  antimony  are  present. 

If  muchcopper  is  present  the  lead  as  previously  mentioned  is  first 
submitted  to  a  process  of  liquation  in  a  special  furnace  {Saiger- 
flaitimofen).     The  furnace  is  built  with  a  sloping  hearth   made  of 


loam,  brasque,  or  fireclay,  and  the  liquated  lead  is  either  collected  in  a 
sump  at  the  lower  end  and  periodically  tapped  out  from  it,  or  else  it 
continually  drains  away  from  the  furnace  into  a  heated  pot  placed  to 
receive  it. 

The  Freiberg  and  Przibram  furnaces  are  provided  with  sumps 
inside  the  furnace,  the  arrangement  at  Przibram  being  shown  in  Figs. 
379  to  381. 
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The  hearth  H  is  made  of  marl,  and  slopes  down  to  a  sump  s  beaten 
out  of  brasque  from  which  the  lead  is  tapped  at  intervals  by  the  tap 
hole  t.  The  cupriferous  work-lead  which  is  to  be  liquated  is  charged 
on  to  the  hearth  through  the  working  doors  a,  a ;  the  lead  liquates  out 
and  flows  down  into  the  sump,  whilst  the  copper,  nickel  and  cobalt, 
together  with  a  portion  of  the  lead,  remain  behind  as  a  solid  mass 
{Saifferdomer  or  Saigerkrdtzen)  which  is  raked  out  of  the  furnace 
through  the  doors  a,  a;  r  is  the  grate,  v  the  flue  and  w  the  flue,  lead- 
ing to  the  stack. 
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The  Freiberg  liquation  furnace  is  shown  in  Figs.  382  and  383,  and 
is  worked  with  an  air-blast  below  the  fire-grate :  ^is  the  hearth,  r  the 
grsite,  V  the  pipe  supplpng  the  air,  s  the  sump,  z  the  flue  leading  to 
tbe  stack  to;  m,  ?7i  are  working  doors,  and  t^  is  a  cast-iron  spout  for 
running  off  the  lead  from  the  sump. 

The  Freiberg  lead,  which  is  liquated  before  being  desilverised  by 
Pattinson's  process,  has  the  following  composition  according  to 
Schertel :  ^ —    . 


Silver 0*544 

Copper 0-94 

Bismuth 0*066 

ArBenic 0*449 

Antimony 0*82 

Tin 0-210 


Nickel    \ 
Cobalt    / 
Iron  .  «    , 
Zinc  .    .    . 
Sulphur    . 


0*055 

0-027 
0  022 
0-200 


Twelve  tons  of  lead  are  liquated  in  12  hours  with  a  consumption 
of  14  cubic  feet  of  inferior  coal.     The  liquation  residue  forms  2  to  5 

^  Jahrhuch  fur  das  Berg-  und  Hiitteniotsen  im  Konigr,  Sachsen,  1882. 
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per  cent,  of  the  weight  of  the  lead  used,  and  contains  96  per  cent,  of 
the  nickel  content  of  the  original  lead,  93  per  cent,  of  the  copper,  and 


25  per  cent,  of  the  arsenic  ;  it  has  according  to  Schertel  the  following 
composition : — 

Silver 0-17          t          Antimony 0-98 

Lead     , 62-40                      Tin  ... 0<M 

Copper      .......  1787  Nickel    I  ,  „ 

Arsenic 2  32  |           Coh«lt    /  ■         .  ■   "   '  ^™ 

In  the  furnace  described  as  in  use  at  Przibram,  13  tons  of  lead 
containing  007  to  01  per  cent,  of  copper  are  liquated  in  24  hours, 
yielding  about  6  per  cent,  of  liquation  residue  containing  80  to  90 
per  cent,  of  the  copper  of  the  original  lead. 
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The  elimination  of  copper  and  other  impurities  contained  in  the 
lead  can  be  brought  about  by  an  oxidising  fusion  of  the  impure  metal 
in  a  reverberatory  impviming  furnace.  Where  rapid  working  is  the  rule, 
as  in  the  desilverising  works  of  the  United  States,  the  copper  is  found 
in  the  scums  taken  ofi*  in  the  refining  furnace,  and  these  scums  are 
liquated  alone  in  a  special  furnace,  yielding  a  considerable  amount 
of  argentiferous  lead  and  a  residue  rich  in  copper.  The  lead  is 
desilverised,  and  the  cupriferous  residue  is  smelted  together  with 
galena,  yielding  copper-lead  matte,  which  is  further  worked  up  for 
copper,  silver,  and  lead.  The  reverberatory  furnace  is  worked  with 
natural  draught,  and  if  the  lead  is  very  impure  a  blast  of  air  is  directed 
over  the  molten  surface.  The  older  furnaces  held  10  to  20  tons ; 
the  later  ones  hold  30  to  35  tons,  or  in  rare  cases  in  some  works 
in  the  United  States  as  much  as  50  to  60  tons.  The  hearths  are 
elliptical  or  rectangular,  the  length  being  from  one  and  a-half  times 
to  twice  the  width,  and  the  depth  varying  from  11  to  16  inches  and 
occasionally  reaching  as  much  as  21^  inches. 

In  modern  furnaces  the  hearth  is  built  in  a  shallow  iron  pan  in 
order  to  avoid  loss  of  metal ;  these  pans  were  at  first  constructed  of 
r;ast-iron,  but  on  account  of  their  great  tendency  to  crack  they  have 
been  generally  replaced  by  wrought-iron.  The  hearth  bottom  is 
made  of  marl  or  firebrick,  and  as  it  is  soon  eaten  away  by  the  lead 
and  antimony  oxides,  it  is  built  of  two  layers  of  firebrick.  Either 
the  entire  hearth  or  the  side  walls  only  are  surrounded  with  a  water- 
jacket  in  order  to  diminish  as  far  as  possible  the  action  of  the  oxides 
upon  the  material  composing  the  hearth.  In  the  first  case  the  iron 
pan  on  which  the  hearth  is  built  is  surrounded  by  a  second  wrought- 
iron  pan,  and  the  cooling  water  circulates  in  the  space  between  the 
two,  which  is  from  3  to  4  inches  wide.  In  the  most  recent  pans  the 
sides  only  are  water-jacketed,  the  cooling  of  the  bottom  being  con- 
sidered superfluous. 

Figs.  384  to  387  show  the  details  of  the  older  furnace  without  any 
cooling  arrangement,  in  use  at  Przibram  in  Bohemia.  The  hearth  is 
of  marl,  the  iumace  holds  22  tons  and  is  provided  with  an  air-blast: 
h  is  the  hearth,  m  the  heating  chamber,  r  the  grate,  /  the  flue ;  a,  a 
are  the  blast  pipes  one  on  each  side  of  the  hearth,  n  the  hollow  air- 
cooled  fire-bridge  ;  ^,  g  are  working  doors,  lo  is  the  tap  hole  through 
which  the  refined  lead  is  run  out  of  the  furnace.  Under  the  hearth 
is  an  iron  dish  to  catch  any  lead  which  may  pass  through  the  hearth. 

A  modem  American  furnace  with  wrought-iron  pan,  the  sides  of 
which  are  water-jacketed,  is  shown  in  Figs.  388  to  392  :  *  a  is  the  fire- 

^  Hofmaiif  op.  cU^ 


METALLURGY 


A  J f  « 


Fin.  8Sa. 


LEAD 


559 


place,  c  the  pan  made  of  boiler-plate  f  inch  thick  which  encloses 
the  hearth  up  to  the  working  doors  (3  feet  6  inches  high),  b  is  the 
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water-jacket  also  made  of  |  inch  thick  boiler-plate.     It  is  3  inches 
wide  inside  and  1  foot  9  inches  high,  and  is  supplied  with  water 
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through  a  pipe  H  inches  in  diameter,  the  water  flowing  away  through 
another  pipe  of  the  same  size;  the  hearth  is  16  feet  long  and  8  feet 
broad,  including  the  water-jacket ;  d  is  the  hollow  air-cooled  fire- 
bridge,/is  the  flue  leading  into  ^  and  thence  to  the  stack.  In  one  of 
the  longer  sides  of  the  furnace  there  are  three  working  doors  i,  and 
only  two.  A,  on  the  opposite  side ;  through  the  latter  the  lead  is 
charged  into  the  furnace,  whilst  the  scums  and  dross  are  withdrawn 
through  the  former.  The  doors  i  are  let  into  the  water-jacket  for  a 
depth  of  3  inches,  but  h,  h  are  level  with  the  upper  edge  of  the  jacket. 
The  pan  rests  on  iron  bearers, /,/,  of  I  section,  they  in  turn  resting 
on  the  masonry  z.  On  the  bottom  of  the  pan  is  a  layer  of  brickdust, 
and  on  that  two  layers  of  firebrick  o  and  p  ;  the  lower  layer  is  of  less 
refractory  brick  and  the  upper  of  the  best  quality  of  fireclay,  the 
bricks  being  set  as  closely  as  possible  in  fireclay  mortar.  The  side 
walls  of  the  furnace,  q,  are  constructed  of  firebrick,  which  reaches 
down  to  the  lower  layer  o  of  the  firebrick  of  the  hearth,  and  the 
corrosion  of  the  hearth  is  confined  to  the  upper  layer  p  of  the  hearth 
and  to  a  certain  depth  of  the  side  walls  q.  The  hearth  slopes  to  the 
tap  hole  t^  which  consists  of  a  conical  iron  tube  passing  through  the 
water-jacket  and  ending  in  the  cast-iron  spout  e.  The  tap  hole  is 
closed  either  by  clay  rammed  into  it  or  by  an  iron  rod  tipped  with  clay. 

In  the  refining  process  the  lead  is  first  melted  on  the  hearth,  and 
any  scum  which  rises  is  taken  off*;  the  temperature  is  then  raised  to 
dull  redness,  and  if  an  air-blast  is  employed  this  is  now  brought  into 
action.  Tin  is  the  first  impurity  to  oxidise,  and  is  removed  as  a  dross  ; 
then  the  oxidation  of  the  antimony,  arsenic,  and  other  easily  oxidis- 
able  elements  follows. 

As  antimony  is  only  slowly  oxidised  under  these  circumstances,  its 
removal  is  facilitated  in  many  works  by  the  addition  of  litharge,  or, 
just  as  in  the  refining  in  iron  pots,  steam  is  passed  through  the 
molten  bath  by  means  of  an  iron  pipe.  By  this  means  the  time 
required  for  the  oxidation  is  reduced  by  one-third,  but  large  quantities 
of  oxide  are  formed  which  are  forced  against  the  sides  of  the  furnace 
and  rapidly  corrode  the  side  walls,  so  that  the  process  is  only  employed 
when  actually  necessary. 

The  antimony  scum  {Abstrich)  is  allowed  to  cool  somewhat  so 
as  to  enable  it  to  be  drawn  out  as  a  solid  crust,  the  doors  of  the 
furnace  being  opened  for  this  purpose.  In  the  case  of  lead  poor  in 
antimony  one  such  operation  is  sufficient,  otherwise  it  is  repeated 
several  times,  the  refining  being  finished  when  nothing  but  litharge 
forms  on  the  surface  of  the  molten  metal  The  bath  is  then  cooled 
by  leaving  the  doors  open,  and  the  still  molten  lead  is  tapped  out  and 
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run  into  moulds,  either  by  means  of  a  syphon  or  a  spout  moving  in 
a  semicircle  and  delivering  the  lead  into  the  empty  moulds  also 
arranged  in  that  form. 

The  amount  of  the  scums  produced  depends  upon  the  percentage 
of  foreign  matters  in  the  lead,  the  first  scum  {Schlicker)  being  on  an 
average  4  per  cent,  of  the  weight  of  the  original  lead,  whilst  the 
second  scum  (Absirich)  amounts  to  about  5  per  cent.  In  modem 
furnaces  156  lbs.  of  coal  are  used  for  every  ton  of  lead  refined. 

The  form  of  furnace  just  described  is  employed  for  refining  lead 
which  is  to  be  desilverised,  lead  which  has  been  desilverised,  or  lead 
free  from  silver.  In  the  purification  of  lead  desilverised  by  means 
of  zinc  4  to  5  per  cent,  of  zinciferous  scum  containing  90  per  cent,  of 
lead  is  produced,  and  a  charge  of  30  tons  is  purified  in  14  hours, 
1  cwt.  of  coal  being  used  for  each  ton  of  the  original  lead. 

In  the  Przibram  furnace  before  described,  22  tons  of  liquated  lead 
are  refined  in  24  to  26  hours,  the  consumption  of  fuel  being  9  per 
cent,  of  the  weight  of  the  lead,  and  81  per  cent,  of  refined  lead  being 
obtained,  having,  at  Przibram,^  the  following  composition : — 
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At  Freiberg  the  refining  of  argentiferous  lead  before  pattinsonising 
is  effected  after  previous  liquation  in  a  furnace  similar  to  that  used 
at  Przibram,  an  air-blast  being  employed.  The  lead  is  introduced 
in  several  charges,  the  first  of  6  tons,  and  after  this  is  melted  a 
second  of  10  tons,  and  then  a  third  charge  of  5  tons.  The  first  scums 
are  rich  in  tin  and  arsenic,  which  are  smelted  as  before  mentioned  for 
tin-lead,  and  then  arsenical  and  antimonial  Abdrich  follow,  which  are 
smelted  for  hard  lead.  The  refining  of  21  tons  may  take  as  long  as 
36  hours,  the  time  depending  upon  the  percentage  of  impurity 
present.  In  an  operation  lasting  that  time,  24|  cubic  feet  of  lignite 
and  .10^  cubic  feet  of  coial  are  used,  85  per  cent,  of  refined  lead 
containing  0*5  to  0*7  per  cent,  of  silver  being  obtained. 

At  Lautenthal,  American  furnaces  are  used  in  refining  lead  for  the 
desilverising  process.     The  hearth,  which  is  built  in  a  wrought-iron 

1  Oeaterr.  Ztitachr.  1885,  p.  208. 
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pan,  is  10  feet  6  inches  long  by  6  feet  6  inches  broad,  and  is  composed 
of  a  layer  of  brick,  two  layers  of  firebrick  each  5  inches  thick, 
and  above  these  a  layer  of  iireclay.  The  tire-bridge  is  cooled  by 
water.  The  melting  down  of  the  lead  takes  5  hours,  the  skimming 
17  hours,  and  2  hours  are  needed  to  empty  the  hearth.  The  charge 
is  22  tons  of  work-lead,  and  the  fuel  consumed  per  ton  is  65  lbs.  of 
coal  and  017  cubic  foot  of  wood.  One  hundred  tons  of  impure  load 
yield  90-5  tons  of  refined  lead,  83  tons  of  first  scura,  69  tons  of 


second  scum,  and  1  ton  of  dross.  Two  men  are  needed,  and  a  third 
assists  at  charging  and  tapping. 

A  large  American  furnace  holding  50  tons  has  been  erected  and 
is  at  present  in  use  at  Silberhiitte,  near  Alexisbad. 

At  Port  Pirie,  in  South  Australia,  the  ai^entiferous  lead  from 
Broken  Hill  is  refined,  without  previous  liquation,  before  being 
desilverised.  Figs.  393  to  397  show  the  construction  of  the  furnace 
used,  which  has  a  water-cooled  fireclay  hearth.  The  charge  coDsists 
of  22  tons  of  lead  with  250  to  350  ounces  of  silver  per  ton,  and  this 
is  refined  in  14  to  16  hours,  I'S  tons  of  coal  being  used.     One  man 
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is  required  to  work  the  furnace  during  the  shift,  being  assisted  by  two 
labourers  in  the  charging  operation,  which  lasts  IJ  houra.     The  total 


Fui.  31)'!. 


Fi(}8.  31H)  and  3H7. 


amount  of  scums  reaches  2 J  to  3  tons  from  the  22  ton  charge;  the 
first  scupi  is  cupriferous  wd  is  smelted  in  blast  furnaces  with  galena 
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for  copper  matte.     The  second,  third,  and  fourth  scums  are  rich  in 
antimony,  and  are  liquated  and  then  smelted  for  hard  lead. 

At  Cheltenham,  near  St.  Louis  (Missouri),  38  to  40  tons  of  lead 
are  refined  without  previous  liquation  in  from  15  to  30  hours,  accord- 
ing to  the  degree  of  impurity  6(  the  lead.  The  consumption  of  coal 
varies,  according  to  the  duration  of  the  work,  from  1^  to  2^  tons,  and 
the  labour  required  is  IJ  men  per  furnace  in  a  12-hour  shift. 

After  desilverising  by  zinc,  the  lead  is  freed  from  the  zinc  taken 
up,  by  refining  in  the  same  furnace.  A  quantity  of  36  tons  is 
treated  at  one  time,  the  refining  lasting  12  to  18  hours,  and  the  coal 
consumption  averaging  2'2  tons,  including  the  coal  used  in  heating 
the  casting  pot,  the  labour  requirements  being  the  same  as  in  the 
last  instance. 

At  the  works  of  the  Omaha  and  Grant  Smelting  and  Refining 
Company  at  Omaha,  in  Nebraska,  large  refining  furnaces  holding  45 
tons  of  lead  are  in  use,  in  which  lead  carrying  300  ounces  of  silver  per 
ton  is  refined  before  being  desilverised  by  means  of  zinc.  The 
refining  of  this  amount  takes  12  hours,  and  1^  tons  of  coal  are  used. 
Scums  are  obtained,  which  are  smelted  together  with  galena  for 
copper  matte  and  work-lead,  and  antimonial  dross,  the  latter  being 
smelted  for  hard  lead  after  liquation. 

At  the  National  Works  near  Chicago  (Illinois)  the  refining  furnace 
is  heated  with  the  fluid  residues  remaining  afber  the  distillation  of 
crude  petroleum.  The  charge*  consists  of  37  tons  of  argentiferous 
lead  containing  2  to  3  per  cent,  of  antimony,  and  litharge  is  added 
to  the  bath  to  hasten  the  oxidation  of  the  antimony.  The  whole 
operation  lasts  12  hours,  and  32  to  35  tons  of  refined  lead  are  ob- 
tained. The  cupriferous  dross  is  smelted  with  galena  in  reverberatoiy 
furnaces,  litharge  and  cupriferous  lead  matte  being  produced ;  the 
latter  is  treated  with  an  air-blast  in  a  refining  furnace,  giving  lead 
slags  and  a  concentrated  copper  matte  which  again  undergoes  the 
same  operation.  The  final  products  are  lead  slag  and  coarse  copper, 
containing  both  gold  and  silver,  the  so-called  copper  bottoms.  The 
antimonial  dross  is  liquated  and  then  smelted  for  hard  lead 

Th^  casting  of  refined  lead 

The  lead  after  refining  has  to  be  cast  into  moulds.  It  is  allowed 
to  cool  until  it  attains  the  requisite  temperature,  and  the  usual 
practice  in  former  days  was  to  then  ladle  it  out  of  the  furnace  or 
refining  pot  into  the  moulds.  Ladling  is  seldom  resorted  to  at  the 
present  day,  and    it    is  usually   run  through    a    tap  hole    into  a 
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launder  or  a  pipe  movable  in  a  semicircle,  and  thence  into  a  series 
of  moulds  arranged  in  a  semicircle,  or  else  it  is  run  out  into  heated 
pots  and  syphoned  or  pumped  over  into  the  moulds.  The  use  of  the 
syphon  is  preferable,  or  if  the  levels  of  the  vessels  will  not  allow  of 
this,  then  Rosings  lead  pump  may  be  used. 

The  arrangement  used  in  works  in  the  United  States  is  shown  in 
Fig.  398.*  A  tube  2  inches  in  diameter  provided  with  a  stopcock  c, 
passes  through  the  tap  hole  and  is  connected  with  the  pipe  ^,  6  to  10 
feet  long,  by  means  of  the  vertical  pipe  e  and  the  swivel  elbow/,  this 
allowing  of  the  pipe  being  turned  horizontally  in  a  semicircle  by  means 
of  the  handle  h  ;  when  the  lead  is  ready  to  tap,  the  cock  c  is  heated  by 
fire  applied  to  it,  and  opened,  when  the  lead  flows  out  through  the 
pipe  into  the  moulds  placed  to  receive  it.  The  pipe  g  is  usually  pre- 
viously warmed  before  screwing  it  into  the  elbow /by  dipping  it  into 
the  bath  of  lead  in  the  furnace,  and  after  fixing  it  in  position  the  cock 


Fig.  808.  Fio.  899. 

c  is  opened  fully  so  as  to  prevent  the  lead  solidifying  in  the  tube ; 
it  is  then  half  closed  so  as  to  moderate  the  violence  of  the  flow. 

This  method  of  tapping  has  the  drawback  of  necessitating  the 
cooling  of  the  refining  furnace  down  to  the  casting  point,  which 
takes  some  time  and  necessarily  diminishes  its  output,  so  that  the 
better  plan  is  to  run  off  the  lead  into  a  hot  iron  pot  and  syphon 
into  moulds  from  the  latter. 

A  syphon  arrangement,  contrived  by  Steitz  and  in  use  at  some  of 
the  American  desilverising  works,  for  running  the  desilverised  lead 
into  the  refining  furnace,  is  shown  in  Fig.  399.  The  syphon  is  of 
bent  gas  tubing  2  to  2J  inches  wide,  one  end  of  which  reaches  to 
the  bottom  of  the  pot,  the  other  being  connected  by  an  elbow  c  with 
a  vertical  pipe  provided  with  a  cast-iron  stopcock  e  at  its  lower  end. 
The  end  of  the  tube  dipping  into  the  pot  is  furnished  with  an  elbow  h 
resting  on  the  bottom  of  the  pot.  The  lead  discharged  from  the  cock 
flows  into  a  launder  of  cast-iron  and  from  that  into  the  refining 
furnace. 

^  Hofman,  op.  cit. 


566 


METALLURGY 


If  it  is  desired  to  ciist  the  lead  directly  into  the  moulds,  the 
vertical  portion  of  the  syphon  is  connected  with  a  pipe  movable 
horizontally  in  a  semicircle,  from  which  the  molten  lead  runs  into  the 
moulds. 

A  similar  arrangement  is  shown  in  Figs.  400  and  401  ^  where  i  is 
the  longer  limb  of  the  syphon  outside  the  pot,  and  j  is  a  cast-iron 
stopcock  on  it.  It  is  connected  to  a  movable  joint  into  which  the 
tube  p,  which  is  10  feet  long,  is  screwed.  This  can  be  turned  round 
in  a  half  circle  by  the  handle  g,  the  movable  portion  vi  being  furnished 
with  a  pivot  resting  in  the  socket  o  (Fig.  401).  In  Fig.  400,  a  is  the 
longer  limb  (1^  inches  in  diameter)  outside  the  pot,  which  can  be 
opened  or  shut  by  the  stopcock  b.  The  outlet  tube  h  is  connected  to 
this  by  two  elbow  pieces,  and  can  be  turned  into  a  horizontal  position 
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about  d.  In  that  position  it  can  be  moved  in  a  semicircle,  and  the 
lead  delivered  from  it  into  the  moulds.  An  iron  band  c  surrounds  the 
pot  and  has  its  two  ends  bent  at/  and  h  and  bolted.  A  band  similarly 
bolted  lies  2i  inches  above  this,  and  the  space  between  the  ends  and 
the  bolts  serves  as  a  slot  for  the  limb  a,  so  that  the  position  of  the 
syphon  is  not  altered  during  the  pouring. 

Rosing's  lead  pump  is  only  used  when  the  position  of  the 
containing  vessel  renders  the  use  of  a  syphon  impracticable 
as,  for  instance,  when  the  pot  is  on  the  ground  level.  The  pump 
lifts  the  lead  by  means  of  direct  steam  pressure  and  acts  very 
satisfactorily. 

In  Figs.  402  and  403,  B  represents  the  pump,  A  the  pot.  The 
pump  consists  of  a  cast-iron  cylinder  closed  at  both  ends,  except  that  in 
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the  bottom  it  has  a  globe  valve  k  and  in  the  top  a  steam  tube  D.  A 
three-way  cock  fallows  the  cylinder  to  be  connected  with  the  steam 
pipe  and  the  open  air.  E  is  the  steam  vatve ;  <?  is  a  bent  pipe  passing 
down  nearly  to  the  bottom  of  the  cylinder.  Through  this  the  lead  is 
forced  into  the  pipe  ff,  which  can  be  moved  through  a  -semicircle,  and 


from  which  the  lead  is  poured  into  the  moulds.  The  pump  is  held  in 
position  by  two  iron  rods  M  which  pass  through  eyes  in  the  top  of 
the  cylinder.  Their  emls  are  secured  at  one  side  of  the  kettle  by  lugs, 
at  the  opposite  side  by  bars  of  lead. 

To  empty  the  pot,  the  interior  of  the  cylinder  is  first  connected 
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with  the  air  by  the  three-way  cock.  The  cylinder  is  then  lowered 
into  the  pot  and  fastened.  The  lead  passes  through  the  globe  valve 
into  the  tube  O,  and,  on  admitting  steam,  is  forced  up  the  tube,  the 
globe  valve  being  simultaneously  closed  by  the  steam  pressure.  As 
soon  as  the  lead  sinks  below  the  level  of  the  lower  end  of  ff,  the  steam 
blows  off  through  the  tube,  the  pressure  sinks,  and  lead  enters  by  the 
valve  until  the  lower  end  of  G  is  again  covered.  The  steam  then 
forces  this  lead  up  the  tube  and  this  operation  is  repeated  (about  30 
times  a  minute)  until  the  greater  part  of  the  lead  has  been  pumped 
out  of  the  pot.  The  lead  remaining  must  be  ladled  out,  and  this 
constitutes  the  drawback  to 
the  process. 

The  moulds  in  which  the 
lead  is  cast  vary  in  form  ac- 
cording to  the  requirements  of 
the  trade.  A  shape  common 
in  the  United  States  is  shown 
in  Figs.  404  to  406,  this  having 
been  found  convenient  for  quick 

removal  of  the  pigs.^  One  end  is  furnished  with  wheels,  the  other 
rests  on  the  bearer  6,  a  handle  can  be  hooked  through  the  hole  c, 
the  mould  and  contents  wheeled  away,  and  the  pig  tipped  out,  and 
the  mould  is  then  again  ready  for  use. 

The  composition  of  desilverised  and   refined   American  market 
lead  is  shown  by  the  following  analyses : — 


-^^^B-- 


Fina.  404-406. 


Copper  .  . 
Silver  .  . 
Bismuth 
Antimony . 
Iron  .  .  . 
Zinc  .  .  . 
Mansanese 
Sulphur  . 
Lead  .    .    . 


Pennsylvanifi 

Cousolidatod  Kaiiais  aty  SmeltiDg  and 

Lead  Go. 

Refining  Company. 

I.a 

II.s 

III.s 

0-00007 

0-00022 

traces 

0-00042 

0-0002 

0-0004 

^_ 

0-00308 

— 

0-00051 

0-00127 

0-0004 

traces 

0-00178 

0-0006 

0-00038 

0-00075 

0-0013 

— 

0-00021 

— 

000018 

— 

— 

99-99844 

99-99249 

99-9963 

*  Hofman,  op.  rit. 

«  TratM.  A.LM.E.,  iii.  p.  322. 

*  Engin.  and  Min.  ./owrn.,  July  14,  1882. 
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The  Smelting  of  Intimate  Mixtures  of  Sulphides  of  Lead,  Zinc,  and 

Silver 

Oftentimes  the  ordinary  methods  of  dressing  fail  to  separate  such 
mixtures  into  galena  and  blende.  Many  methods  have  been  proposed 
for  the  treatment  of  such  ores,  some  of  which  are  mere  suggestions, 
whilst  others  have  not  yet  passed  beyond  the  experimental  stage ;  at 
present  it  is  impossible  to  say  which,  of  the  many  methods  proposed, 
is  the  best. 

Large  deposits  of  argentiferous  lead  and  silver  ores  occur  at 
Broken  Hill,  which  when  worked  in  the  ordinary  way  as  at  present 
yield  considerable  amounts  of  bye-products  containing  zinc  and  lead 
which  have  no  market  value.  Experiments  are  now  in  progress  for 
dressing  the  ores  electromagnetically.  The  results  of  these  are  hopeful. 
Of  the  chemical  methods  which  have  been  proposed,  mention  may  be 
made  of  those  of  Fry,  van  Ellerhausen,  Qanelin,  Ashcroft,  Siemens  and 
Halske,  Ashcroft  and  Swinburne,  Cowper-Coles,  Clancy-Marsland, 
Mohr  and  Neuendorf. 

In  Fry's  process,  the  ores  are  first  crushed,  then  roasted,  and 
the  roasted  mass  fused  with  a  quarter  of  its  weight  of  normal  or 
acid  sodium  sulphate.  The  agglomerated  product  is  mixed  with 
one-eighth  of  its  weight  of  iron  oxide  (burnt  pyrites),  and  smelted 
in  shaft  furnaces,  whereby  an  easily  fusible  slag  is  quickly  formed. 
Of  the  lead  content  of  the  ores,  90  per  cent,  is  said  to  be  produced, 
and  this  contains  all  the  gold  and  silver.  The  slags  are  smelted  in  a 
finely  divided  condition,  according  to  the  latest  patent  of  H.  E.  Fry 
and  Robert  Addie,^  with  non-bituminous  coal  or  coke,  the  furnace 
used  being  fired  by  gas.  Zinc  is  volatilised  and  oxidised  and  the  oxide 
collected,  and  the  slags  are  tapped  off.  The  hearth  used  for  basic 
slags  is  made  of  dolomite  mixed  with  dry  tar,  and  is  separated  from 
the  masonry  work  by  a  layer  of  chrome  iron  ore  containing  a  large 
percentage  of  chromium  oxide. 

To  remove  the  zinc  as  much  as  possible,  the  molten  mass  is  stirred 
or  poled,  and  the  zinc  oxide  is  collected  in  towers  cooled  by  trickling 
water.  At  Swansea  20,000  tons  of  Broken  Hill  ores  have  yielded 
600  tons  of  zinc  oxide.  The  zinc  oxide  contains  55  per  cent,  of  zinc, 
and  is  sold  to  zinc  works ;  it  is  hoped  to  bring  up  the  percentage  of 
zinc  to  60  by  diminishing  such  impurities  as  lead,  soda  and  sulphur. 
Works  are  being  built  on  the  Manchester  Canal  to  extract  the  zinc 
that  remains  in  the  slags.     This  method  has  been  in  use  on  a  large 

^  English  Patent,  1898,  No.  4,911. 
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scale  at  Ellcsmore  Port  iii  England ;  ^  and  has  been  tried  at  Silberhutte 
in  Germany.* 

The  EUerhausen  process  in  its  original  form  consists  in  heating 
the  ores  with  half  their  weight  of  iron  and  manganese  oxides  and  with 
a  quarter  their  weight  of  coal,  in  reverberatories  at  a  red  heat. 
Vapours  of  lead,  zinc,  zinc  oxide  and  sulphur  dioxide  and  the  products 
of  combustion  pass  into  a  chamber  where  they  meet  with  steam  and 
air.  Sulphates  of  zinc  and  lead  are  thus  formed  and  deposited  in  the 
chamber.  The  zinc  sulphate  is  extracted  with  water  and  worked  for 
zinc,  either  by  precipitation  with  sodium  sulphide  (Ellerhausen's 
method)  or  in  some  other  way  ;  the  lead  sulphate  is  passed  back  to 
the  furnaces  and  is  slagged  off  along  with  the  silver  it  contains,  the 
slags  being  afterwards  worked  for  lead.  Most  of  the  copper  and 
precious  metals  and  about  2  per  cent,  of  the  lead  and  zinc  pass  into 
the  slags.  This  process  has  been  tried  experimentally  at  Llanelly  in 
South  Wales,  with  the  difference  that  blast  furnaces  have  been  used 
instead  of  reverberatories.  The  zinc  in  the  flue  dust  is  dissolved  by 
sulphurous  or  sulphuric  acid  and  precipitated  by  sodium  sulphide :  and 
the  zinc  sulphide  filtered  and  roasted  to  oxide.  At  present,  smelting 
with  ordinary  fluxes  is  carried  out  and  the  zinc  obtained  as  sulphide, 
without  the  use  of  sodium  sulphide,  and  then  roasted  to  oxide. 
EUerhausen  asserts  that  90  per  cent,  of  the  zinc  in  the  ores  is  obtained 
from  the  flue  dust.^ 

In  the  Ganelin  process  the  crushed  ores  are  melted  with  zinc 
chloride,  sodium  chloride  and  metallic  zinc,  in  iron  vessels  fitted  with 
stirring  apparatus.  •  Lead  and  silver  sulphides  are  converted  into 
chlorides  by  the  zinc  chloride,  which  itself  is  changed  to  zinc  sulphide. 
Zinc  sulphide  present  in  the  ores  remains  unchanged. 

PbS  +  ZnCla  =  PbCl^  +  ZnS. 
Ag,S  +  ZnCl,  =  2  AgCl  +  ZnS. 

The  chlorides  of  lead  and  silver  are  then  reduced  to  the  metals  by 
the  zinc,  thus  : — 

PbCl,  +  Zn  =  Pb  +  ZnCl2. 
2AgCl  +  Zn  =  2Ag4-ZnCl2. 

The  lead  takes  up  the  silver  and  collects  at  the  bottom  of  the 
vessel,  whilst  the  zinc  sulphide  present  in  the  ores  and  formed  in  the 

^  V.  Julius  Vogel,  Eng,  and  Min.  Journ.f^  September,  1900. 
«  The  Mineral  Iiulmtry,  1899,  p.  741. 
»  The  Mineral  Iwluntry,  1899,  p.  742. 
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reaction  remains  suspended  in  the  fused  chlorides.  These  are  tapped, 
leached  with  water  or  weak  liquor,  the  zinc  sulphide  collected  and 
worked  for  zinc,  and  the  solution  of  the  chlorides  of  zinc  and  sodium 
evaporated  to  dryness  and  used  again.  The  silver-bearing  lead  is 
desil  verised  by  the  zinc  process.  No  particulars  of  this  process,  which 
has  been  tried  in  London,  are  known. 

Another  proposal  is  to  roast  the  ores,  then  to  distil  off  the  zinc  in 
retorts  with  basic  linings,  and  to  work  up  the  residues  in  blast  furnaces 
for  silver  and  lead. 

In  Ashcroft's  process  the  ores  are  submitted  to  an  oxidising 
roasting,  and  then  treated  with  ferric  chloride  solution,  which 
converts  the  zinc  oxide  into  soluble  chloride,  and  causes  the  iron  to 
be  precipitated  as  hydroxide.  The  residue  is  then  worked  for 
argentiferous  lead,  and  the  solution  electrolysed  first  between  cast 
iron  anodes  and  sheet-zinc  cathodes,  which  causes  part  of  the  zinc 
to  be  deposited  with  simultaneous  formation  of  ferrous  chloride  ;  then 
the  electrolysis  is  performed  with  carbon  anodes  and  sheet-zinc 
cathodes,  whereby  the  greater  part  of  the  remaining  zinc  is  deposited 
and  the  ferrous  chloride  is  converted  into  ferric  chloride,  which  can 
be  used  for  the  treatment  of  more  roasted  ore.  Ashcroft's  process 
was  tried  on  a  large  scale  at  Cockle  Creek,  New  South  Wales,  but  it 
has  been  given  up  on  technical  and  economical  grounds.  The  slimy 
nature  of  the  ferric  hydroxide  made  filtration  difficult,  and  the 
residues  were  hard  to  smelt ;  furthermore  the  zinc  was  often  deposited 
in  a  spongy  form.     The  power  consumption  was  very  high. 

The  process  of  Siemens  and  Halske  consists  in  treating  the 
unroasted  ore  with  chlorine  and  extracting  the  chlorinated  mass  with 
water.  In  this  way  chlorides  of  zinc,  lead  and  silver  are  formed,  and 
the  first  and  second  (in  part)  of  these  are  dissolved  out  by  the  water, 
whilst  the  silver  chloride  remains  as  an  insoluble  residue.  The 
solution  is  then  electrolysed,  insoluble  anodes  and  metallic  cathodes 
being  used;  chlorine  is  evolved  from  the  anodes  and  is  used  afresh, 
and  the  zinc  is  thrown  down  on  the  cathodes.  Since  it  is  not 
advisable  to  decompose  completely  the  chlorides  in  solution,  sodium 
chloride  is  added.  The  liquors  after  electrolysis  are  used  for  leaching 
fresh  chlorinated  ore.  Nothing  detailed  has  been  published  about 
this  process. 

Ashcroft  and  Swinburne^  state  that  when  chlorine  is  led  into 
sulphide  ores  at  a  sufficiently  high  temperature,  chlorides  of  the 
metals  are  formed  and  sulphur  is  liberated.  Swinburne  proposes  to 
use  sulphur  chloride  instead  of  chlorine  for  this  purpose. 

»  Imp.  German  Patent,  116,863. 
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In  the  process  of  Cowper-Coles,^  finely  powdered  ore  is  roasted  to 
oxide  and  sulphate  and  then  leached  with  water  or  dilute  zinc  sulphate 
liquors  from  a  previous  operation,  the  solution  containing  eventually 
15  to  20  per  cent,  of  zinc  sulphate.  The  leaching  is  carried  out  in 
vats  fitted  with  filtering  apparatus,  and  is  promoted  by  passing  an 
electric  current  through  the  solution,  a  zinc  cathode  and  an  insoluble 
anode  being  used.  When  copper  is  present  in  the  ores  it  goes  into 
solution  and  is  precipitated  in  vats  by  iron  or  zinc.  The  zinc  sulphate 
solution  is  electrolysed  between  anodes  of  sheet  lead  and  rotating 
cathodes  of  sheet  iron.  The  ore  after  leaching  is  washed  6*66  from 
zinc  and  treated  with  20  per  cent,  caustic  soda,  which  dissolves  the 
lead  as  sodium  plumbate.  This  is  then  electrolysed  for  leai  If 
white  lead  is  wanted,  then  carbon  dioxide  is  passed  through  the 
plumbate  solution.  Gold  and  silver  can  be  obtained  from  the  residues 
by  treatment  with  potassium  cyanide  solution.  This  process  has 
been  tried  at  Hayle  in  Cornwall,  but  nothing  definite  is  known 
about  it.* 

The  Clancy-Marsland  process  proposes  to  desulphurise  ores  by 
heating  them  with  lead  sulphate ;  then  to  dissolve  out  the  zinc  oxide 
with  sulphuric  acid  and  to  smelt  the  residue  for  lead 

Bernhard  Mohr's  proposed  process  consists  in  extracting  the  zinc 
from  the  roasted  ores  with  a  solution  of  sodium  bisulphate.  The 
solution  of  zinc  sulphate,  saturated  with  normal  sodium  sulphate, 
which  is  obtained  in  this  way,  yields  zinc  at  the  cathode  on  elec- 
trolysis, and  sodium  bisulphate  is  regenerated  at  the  anode. .  The  zinc 
sulphate  solution  is  said  to  be  obtained  free  from  iron  by  this  method, 
and  the  deposited  zinc  to  be  compact.  No  information  is  to  hand  as 
to  the  application  of  this  process.^ 

In  Neuendorfs  *  process  the  ores  are  fused  with  polysulphates 
got  by  heating  together  acid  sulphates  of  the  alkalies  with  sulphuric 
acid.  The  advantage  of  this  over  the  bisulphate  method  is  that  high 
temperatures,  with  their  resultant  partial  oxidation  and  volatilisation 
of  the  sulphide  sulphur,  are  not  required.  Thus  sodium  pentasulphate 
(prepared  by  heating  2  molecules  of  bisulphate  with  3  molecules  of 
sulphuric  acid)  reacts  as  follows  (where  M=aZn,Pb,Ag). 

MS  +  Na^S.Oy  +  3H2SO, = MSO, + Na^SO,  +  3H,0 + 4SO2. 

Pure  sulphur  dioxide  is  thus  obtained  and  the  reaction  takes  place 
at  90  to  100°.     If  polysulphates  containing  less  sulphuric  acid  are 

^  English  Patent,  1898,  No.  5,943. 

2  The  Mineral  Indmtry,  1899,  p.  747.  '  Op.  r*V.  p.  749. 

*  Imp.  German  Patent,  U  December,  1898,  103,9.34. 
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used,  sulphur  separates  out ;  yet  the  temperature  is  so  low  that  the 
sulphur  neither  sublimes  nor  bums,  and  the  gas  evolved  is  pure 
sulphur  dioxide.  This  separated  sulphur  can  easily  be  melted  out  of 
the  mass  after  leaching.^  Nothing  is  known  as  to  the  application  of 
this  process. 


The  Production  of  Marketable  Compounds  of  Lead  from  Lead  Ores 

The  process  used  at  Joplin  in  Missouri  for  the  preparation  of  a 
pigment  consisting  of  lead  sulphate,  le^  oxide  and  zinc  oxide,  has 
already  been  described  (p.  416).  Here  68  per  cent,  of  the  lead  in  the 
ores  is  obtained  in  the  metallic  state,  the  rest  being  converted  into 
the  pigment.  In  the  Bartlett  *  process  all  the  available  lead  is 
obtained  as  pigment.  This  process  is  in  operation  at  Canon  City, 
Colorado,  and  consists,  in  outline,  in  the  extraction  of  lead  and  zinc 


Fig.  407. 


Fio.  408. 


from  mixtures  of  galena  and  blende,  in  the  form  of  lead  sulphate 
and  zinc  oxide,  the  precious  metals  present  in  the  ores  being  collected 
in  a  cupriferous  matte. 

The  treatment  of  the  ores  varies  according  to  the  quantity  of  zinc 
they  contain.  Those  containing  over  20  per  cent,  of  zinc  are  worked 
in  sintering  or  blowing-up  furnaces,  with  the  result  that  nearly  all 
the  lead  and  the  greater  part  of  the  zinc  are  volatilised,  and  a  sintered 
mass  of  lead  and  matte  is  formed.  This  is  then  worked  in  blast 
furnaces  for  matte  and  flue  dust.  Ores  with  less  than  20  per  cent,  of 
zinc  are  either  treated  separately  for  matte  and  fume,  or  are  added  to 
the  sintered  masses  obtained  fr'om  the  richer  orea 

The  "  blowing-up "  furnace  is  shown  in  Figs.  407  and  408.  It 
consists  of  a  perforated  grate  6  feet  long  and  3^  feet  wide  (a  and  6) 

'  Ztit.  fur  Ehktrochemie,  1809,  No.  50. 
^  Hofman,  op.  cit.  p.  138. 
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resting  on  the  side  wall  of  the  furnace  and  supported  by  cross  bars. 
It  divides  the  arched  chamber  into  the  ash-pit  c,  closed  by  the  ash-pit 
door/,  and  the  hearth  with  its  working  door  h  and  flue  g.  The  side 
walls  (lately  replaced  by  water-jackets)  of  the  roof  rest  on  hollow 
columns  k,  which  are  perforated  on  the  hearth  side  to  admit  air 
under  pressure  to  the  charge.  The  ore  mixture  fills  the  charge 
pockets  {%)  and  passes  between  the  columns  h  on  to  the  hearth.  The 
blast  entering  at  vi  impinges  on  the  top  of  the  charge  at  A-,  and  on 
the  bottom  and  side  of  it  at  h  and  a. 

The  ore  is  charged  into  the  pockets  with  15  to  20  per  cent,  of 
slack  coal.  The  furnace-man  pushes  the  charge  down  on  the  grate 
and  spreads  it  out  6  inches  deep,  and  the  pockets  are  again  charged. 
Air  is  now  blown  in.  The  coal  is  converted  into  coke  by  the  time  it 
reaches  the  grate,  and  the  coke  igniting  produces  a  flame,  at  first 
blue  due  to  carbon  monoxide,  then  changing  to  white  as  the  lead  and 
zinc  volatilise.  In  30  minutes  most  of  the  lead  and  zinc  is  driven 
off  and  the  mass  clinkers.  It  is  then  withdrawn  and  the  furnace 
charged  afresh.  Six  tons  of  ore  are  put  through  in  24  hours  and  the 
blast  pressure  is  4  to  8  ounces  per  square  inch.  One  man  attends 
to  2  furnaces.  The  clinker  contains  less  than  1  per  cent,  of  lead 
and  in  addition : — 

Ferrous  oxide      ....  30 — 60  per  cent. 

Silica 27—31 

Sulphur 7—11 

Carbon 3—3-5 

Zinc 10—20 

Copper 0 — 2  „ 

It  is  mixed  with  6  to  15  per  cent,  of  coke  and  smelted  in  a  low 
blast  furnace  along  with  ores  containing  less  than  20  per  cent  of  zinc. 
These  are  mixed  in  such  proportions  that  the  charge  contains : — 

Zinc 17 — 20  per  cent. 

Copper 2*5 — 4 

Lead.     . 3—10 

Sulphur 15—20 

Lime 10 


The  remainder  consists  of  silica  and  iron. 

The  furnace  for  smelting  sintered  ore  is  shown  in  Figs.  409  and 
410.     It  is  of  rectangular  section,  108  by  36  inches.     The  foundation 
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walls  a  are  well  bound  with  iron  ;  b  is  the  blast-pipe  ending  in  the  air 
cheat,  the  blast  being  heated  by  passing  through  the  flues.  The 
tuyeres  are  longitudinal  slits  c,8  bylj  inches,  which  deliverairat  the 
pressure  of  12  ounces  per  square  inch,  d  is  the  water-jacket,  the 
water  for  which  enters  through  the  pipe  e  and  escapes  through/;  g 
are  the  charging-pockets,  h  the  shaft,  k  is  the  flue  which  carries  off 
the  fume  from  2  furnaces  to  the  condensing  chambers,  m  is  the  slag 
spout  In  24  hours  40  tons  of  ore  containing  20  per  cent,  of  zinc 
are  put  through,  or  75  tons  with  a  zinc  content  of  12  per  cent.  Three 
men  attend  the  furnace  on  a  shift.  The  furnace  is  blown  out  but  once 


a  month,  as  it  is  then  necessary  to  clean  out  the  flues  that  have 
become  choked  with  dust.  From  10  to  12  tons  of  ore,  1  ton  of  matte 
is  obtained  containing  40  per  cent,  of  copper  and  125  ounces  of  silver 
and  2  ounces  of  gold  per  ton. 

The  slags  may  contain  up  to  15  per  cent,  of  zinc  oxide;  they  should 
however  not  contain  more  than  7  to  8  per  cent,  otherwise  some  silver 
is  taken  up  by  them.  The  silver  content  of  the  slags  is  025  to  1-25 
ounces  per  ton,  and  is  smaller  when  they  are  rich  in  hme.  Basic  iron 
slags  dissolve  20  to  25  per  cent,  of  zinc  oxide ;  lime  up  to  15  per 
cent,  increases  the  solubility  of  zinc  oxide,  above  that  its  solubility  is 
lowered. 

The  fumes  from  the  sinteringand  smelting  furnaces  are  drawn  into 
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a  chamber  where  they  are  cooled  by  mixing  with  air ;  thence  they 
pass  to  a  sheet  iron  chamber.  They  enter  at  the  bottom  of  this 
chamber,  and  impinging  against  the  roof,  deposit  a  good  deal  of  their 
dust.  They  are  now  drawn  into  two  cooling  flues  1,480  feet  long 
and  8  by  3  feet  wide,  where  the  greater  part  of  the  dust  is  thrown 
down.  Generally  25  square  feet  of  cooling  surface  are  required  for 
1  square  foot  of  grate  area  in  the  sintering  furnace.  From  these 
flues  the  fume  passes  into  bag-houses  where  the  fumes  are  separated 
by  filtering.  The  bags  are  made  of  wool  or  cotton  and  are  21  feet 
long  by  20  inches  in  diameter.  The  woollen  bags  last  6  to  10  years, 
the  cotton  bags  18  to  24  months.  The  temperature  must  not  exceed 
120°  C.  when  woollen  bags  are  used,  or  90°  C.  for  cotton  bags.  Gene- 
rally 200  square  feet  of  cloth  are  required  per  square  foot  of  grate 
area  of  the  sinter  furnace,  and  if  twice  cleaned  or  shaken  in  24 
hours,  1  square  yard  of  woollen  cloth  will  collect  lib.  of  fume  per  day ; 
1  square  yard  of  cotton  cloth  collects  fib.  under  the  same  conditions. 
The  flue  dust  contains : — 


Lead  sulphide    . 

12  per  cent. 

Carbon       .     .     1  per  cent. 

Lead  sulphate   . 

.     30 

Silica     ...     1         „ 

Zinc  oxide     .     . 

.     14        „ 

Sulphur  dioxide  2         „ 

Zinc  sulphite     . 

.     40         „ 

The  dust  from  the  sintering  furnace  contains  4  ounces  of  silver  per 
ton,  from  the  smelting  8  ounces  of  silver  per  ton.  When  the  copper 
content  of  the  charge  is  4  per  cent,  the  loss  of  silver  is  f  ounce  per 
ton ;  the  loss  reaches  3  ounces  per  ton  of  charge  when  only  1  per 
cent,  of  copper  is  present.  The  loss  of  zinc  is  given  as  5  per  cent, 
whilst  the  lead  shows  a  slight  excess  over  the  dry  assay. 

The  raw  flue-dust  is  converted  into  zinc  oxide  and  lead  sulphate 
by  heating  in  cast-iron  cylinders.  These  lie  in  pairs  in  the  furnace 
and  are  10  feet  long  by  1  foot  in  diameter.  A  carrying  screw  with 
4  flat  iron  bars  works  in  the  cylinders,  stirring  up  the  dust  and 
exposing  it  to  the  air  current  which  passes  through.  The  outlet  pipe 
opens  into  a  horizontal  cylinder  in  which  the  dust  carried  over  settles 
out,  and  the  gases  escape  from  this  into  the  open  through  an  upright 
sheet  iron  pipe.  The  transporting  screw  carries  the  dust  from  the 
back  to  the  front  end  of  the  cylinder  and  pulverises  it,  whilst  the 
air  bums  the  carbonaceous  matter  and  oxidises  and  volatilises  the 
volatile  metals  like  arsenic.  The  temperature  of  the  cylinders  is 
kept  at  815°.  The  pigment  passes  through  the  cylinder  in  about 
20  minutes  and  is  discharged   by  a  smaller  carrying  screw  into  a 
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sieve,  which  screens  out  the  coarse  particles.  One  cylinder  refines 
daily  1,200  to  1,500  pounds  of  dust,  5  volumes  of  raw  fume  giving 
one  volume  of  refined  pigment.     This  contains : — 

Zinc 47*33  per  cent. 

Lead 2492 

Sulphur 2-96 

Oxygen 24*34 


It  is  bluish-white  in  colour  and  consists  mainly  of  zinc  oxide  and 
lead  sulphate.  For  treatment  of  1  ton  of  ore  325  h.p.  and  the 
labour  of  f  man  are  required. 
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SILVER 

Physical  Properties 

Silver  has  a  pure  white  colour  and  a  perfect  metallic  lustre.  It  is 
exceedingly  malleable  and  ductile,  being  only  second  to  gold  in  these 
properties ;  it  is  harder  than  gold,  but  softer  than  copper.  The 
specific  gravity  of  silver  according  to  G.  Rose  lies  between  10*514 
and  10-619  at  14°C.,  and  according  to  Matthiessen  it  is  10*468  at  13°C. 
It  crystallises  in  the  regular  system. 

Its  conductivity  for  heat  stands  to  that  of  gold  in  the  ratio  of  100  : 
102*8  (Despretz),  100 :  98  (Calvert  and  Johnson),  100 :  60  (Wiede- 
maim  and  Franz).  According  to  Regnault  its  specific  heat  is  0*05701 
and  according  to  Bunsen  0*0559. 

Silver  is  of  all  the  metals  the  most  perfect  conductor  of  electricity ; 
if  its  conductivity  be  taken  as  100,  that  of  gold  is  73,  and  of  copper 
72  to  77  (Matthiessen). 

It  melts  at  about  1000°C.  The  following  figures  are  given  by 
different  investigators : — 960°  by  Becquerel,  1040°  by  Riemsdyck, 
1023'  by  Cazin,  954°  by  Violle,  960*7°  by  Haycock  and  Neville.  A 
recent  determination  by  Berthelot  gives  962°.  At  high  tempeniture 
it  volatilises,  yielding  a  green  vapour,  and  it  can  be  distilled  by  means 
of  the  oxy-hydrogen  blowpipe. 

When  in  the  molten  state,  it  possesses  the  power  of  absorbing 
oxygen  from  the  air  to  the  extent  of  22  times  its  own  volume,  the  gas 
being  given  out  again  on  cooling  with  such  vigour  that  the  surface  of 
the  silver  is  thrown  up  into  small  blisters,  and  particles  of  the  metal 
are  projected.  This  phenomenon  is  known  as  the  spitting  of  silver, 
and  only  occurs  when  the  silver  is  pure,  small  quantities  of  copper, 
bismuth  or  zinc  entirely  preventing  it.  The  spitting  may  also  be 
prevented,  even  with  pure  silver,  by  covering  the  surface  with  a 
layer  of  charcoal  powder,  common  salt,  potash  or  other  bodies  which 
possess  no  oxidising  action.  The  presence  of  small  amounts  of  arsenic, 
antimony,  bismuth  and  lead  renders  silver  brittle. 
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Chemical  Properties. 


Silver  does  not  oxidise  in  either  dry  or  moist  air  at  the  ordinary 
temperature,  and  only  very  slightly  if  the  temperature  be  raised  ; 
caustic  alkalies,  alkaline  carbonates,  nitre  and  potassium  chlorate  are 
all  without  action  upon  it.  Nitric  acid  easily  dissolves  silver; 
sulphuric  acid  only  dissolves  it  when  the  acid  is  hot  and  concentrated. 
Aqueous  hydrochloric  acid  attacks  it  only  superficially,  and  vegetable 
acids  are  practically  without  action  upon  it.  It  is  blackened  by 
sulphuretted  hydrogen  owing  to  the  formation  of  silver  sulphide. 

It  combines  with  chlorine,  forming  silver  chloride,  and  it  is  also 
converted  into  the  same  body  by  the  action  of  certain  chlorides 
such  as  cupric,  ferric  and  mercuric  salts.  Gaseous  hydrochloric  acid 
passed  over  heated  silver  converts  it  into  the  chloride,  with  liberation 
of  hydrogen.  Chloride  of  silver  is  also  formed  when  finely  divided 
silver  is  heated  with  common  salt. 

Melted  together  with  sulphur,  silver  is  converted  into  the 
sulphide. 

Silver  easily  alloys  with  lead,  copper  and  zinc  when  melted 
together  with  these  metals,  and  forms  an  amalgam  when  brought  into 
contact  with  mercury  in  the  cold,  though  the  amalgamation  proceeds 
much  more  rapidly  when  the  metals  are  heated  together. 

The  Chief  Chemical  Reactions  of  Silver  Compounds  that 
are  of  importance  in  its  extraction 

Oxides  of  Silver 

The  oxides  of  silver,  viz.  silver  oxide  (AggO)  silver  suboxide  (Ag^O) 
and  silver  peroxide  (AggOg  or  AgO),  do  not  play  any  important  part 
in  the  extraction  of  the  metal. 

Silver  oxide  (AggO)  is  formed  in  the  dry  way  by  heating  silver 
with  certain  oxides  (cupric  oxide,  red  lead,  manganese  dioxide),  with 
the  nitrates  or  sulphates  of  lead  and  copper,  or  with  arsenic  acid. 
The  brownish  powder  obtained  by  passing  a  powerful  electric  dis- 
charge through  the  metal,  or  by  heating  the  metal  in  the  oxy- 
hydrogen  flame  is  thought  to  consist  of  silver  oxide. 

Silver,  when  present  in  litharge,  is  present  in  part  as  oxide.  As 
however,  according  to  H.  Rose  and  other  authorities,  silver  oxide  is 
decomposed  between  250''  and  300°C.  into  silver  and  oxygen,  and  as 
litharge  has  been  subjected  for  a  considerable  time  to  a  temperature 
between  900°  and  1000°C.,  its  existence  in  it  might  be  called  in 
question.  In  favour  of  the  view  that  silver  exists  in  litharge  as 
oxide  are  the  observations   of  St.   Clair-Deville   and    Debray  and 

p  p  2 
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those  of  Troost  and  Haute-Feuille  ^  that  silver  oxide  can  be  formed 
at  high  temperatures.  In  addition,  Wait  has  extracted  18*67  and 
19*25  per  cent,  of  the  silver  from  litharge  containing  2*94  per 
cent,  of  silver,  by  means  of  acetic  acid,^  and  as  metallic  silver  is 
insoluble  in  acetic  acid  it  may  be  assumed  that  the  metal  must  have 
been  present  as  oxide  The  limiting  temperature  below  which 
silver  oxide  is  stable  must  consequently  be  regarded  as  not  yet 
definitely  settled. 

In  the  wet  way  silver  oxide  is  obtained  as  a  brownish  precipitate 
by  adding  caustic  potash  or  soda,  baryta-  or  lime  water  to  a  silver 
solution.  It  is  only  soluble  to  a  very  slight  extent  in  water,  the 
solution  possessing  an  alkaline  reaction.  It  acts  as  a  pow^erful  base, 
precipitating  copper  oxide  from  copper  solutions,  and  partially  pre- 
cipitating the  oxides  of  nickel,  lead,  cadmium  and  zinc  from  solutions 
of  their  salts. 

Silver  suboxide  (Ag^O)  is  obtained  by  heating  silver  salts  of 
organic  acids  in  a  current  of  hydrogen  to  lOO^C ;  it  possesses  no 
metallurgical  importance.  According  to  Giirtz,*  if  silver  oxide  be 
heated  under  pressure,  the  suboxide  is  formed.  He  states  that  this 
occurs  when  silver  oxide  is  heated  in  a  closed  tube,  the  pressure  of 
the  evolved  oxygen  preventing  its  complete  decomposition ;  he  has 
determined  this  pressure  to  be  49  atmospheres  after  48  hours'  heating, 
the  equation  being  Ag40  =  Ag^+O. 

Silver  peroxide  (AggOg)  is  produced  at  the  positive  electrode 
when  silver  solutions  are  electrolysed,  and  is  also  formed  by  the  action 
of  ozone  upon  silver  or  its  oxide.. 

Silver  Sulphide 

Silver  sulphide  is  easily  prepared  by  either  dry  or  wet  methods. 
Prepared  in  the  dry  way,  by  melting  together  silver  and  sulphur, 
it  forms  a  dark  grey  crystalline  mass  exactly  resembling  the  native 
silver  sulphide.  In  the  wet  way  it  may  be  obtained  by  treating 
a  solution  of  a  silver  salt  with  sulphuretted  hydrogen  or  with 
sulphides  of  the  alkalies  or  alkaline  earths.  Silver  sulphide  is  not 
fusible  alone,  but  can  easily  be  obtained  in  the  molten  state  in 
admixture  with  the  sulphides  of  other  metals  (mattes). 

Silver  sulphide  is  partially  decomposed  at  a  high  temperature 
when  heated  in  absence  of  air,  but  in  presence  of  air  it  forms 
sulphur   dioxide   and  metallic   silver.     Mourlot*  states   that  when 

^  Graham-Otto-Michaelis,  Anorg.  Chemie,  1884,  p.  985. 
'  Trans.  A.I.M.E,  xv.  p.  423. 
«  Chem,  CentrcUhlatty  20,  1101. 
*  Compt.  rend,  1897,  124,  i.  768. 
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heated  by  a  current  of  300  ampferes  at  50  volts,  the  greater  part  of 
the  sulphur  is  driven  off  A  current  of  900  amperes  at  the  same 
potential  does  not,  however,  effect  the  complete  removal  of  the 
sulphur.  Heated  in  an  atmosphere  of  steam,  metallic  silver, 
sulphuretted  hydrogen  and  sulphjur  dioxide  are  produced.  Heated  in 
a  current  of  hydrogen,  silver  sulphide  is  reduced  to  metal. 

Gaseous  sulphur  trioxide  converts  silver  sulphide  into  the 
sulphate ;  when  in  combination  with  copper  sulphide,  it  can  also  be 
converted  into  sulphate  by  careful  roasting,  the  copper  being  left  as 
oxide.  In  this  case  the  silver  sulphate  is  produced  by  the  action  of 
sulphur  trioxide  obtained  from  copper  sulphate,  which  in  its  turn  is 
the  product  of  the  action  of  hot  air  upon  the  sulphide.  Chlorine  acts 
perceptibly  on  silver  sulphide  in  the  cold,  and  energetically  when  hot, 
the  silver  being  completely  converted  into  chloride,  and  sulphur 
chloride  being  produced. 

Heated  together  with  sodium  chloride  in  presence  of  air,  silver 
chloride,  metallic  silver  and  sodium  sulphate  are  formed.  By  roasting 
with  common  salt,  silver  sulphide  can  be  completely  converted  into 
chloride  even  when  mixed  with  other  metallic  sulphides. 

Treated  with  a  solution  of  cupric  chloride,  silver  sulphide  is  con- 
verted into  the  chloride,  copper  sulphide  being  formed  thus : — 

Ag,S + CuClg = 2  AgCl + CuS. 

This  reaction  proceeds  most  quickly  and  completely  on  boiling. 

Cupric  chloride  also  reacts  in  the  dry  state  with  silver  sulphide, 
cuprous  chloride  being  produced. 

Cuprous  chloride  solution  also  reacts  with  silver  sulphide,  convert- 
ing it  into  chloride  according  to  the  equation : — 

Ag2S  +  Cu,Cl2=2AgCl  +  CuS  +  Cu. 

Ferric  chloride  solution  converts  silver  sulphide  only  slowly  and 
incompletely  into  silver  chloride.  Ferrous  chloride  and  mercuric 
chloride  solutions  do  not  attack  it. 

Sodium  copper  thiosulphate  (4Na2S203,3Cu2S203+xH20)  quickly 
decomposes  silver  sulphide,  the  silver  going  into  solution  and  copper 
sulphide  being  produced  (Russell).  One  part  of  the  solid  salt  is 
capable  of  bringing  0*113  to  0*136  part  of  silver  into  solution. 
Solutions  of  the  alkalies  and  alkaline  chlorides  do  not  attack  silver 
sulphide,  though  alkaline  cyanides  do. 

Heated  with  metallic  iron,  silver  sulphide  is  completely  decom- 
posed with  the  formation  of   ferrous  sulphide  and  metallic   silver. 
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Iron  alone  in  the  cold  only  acts  slowly  upon  it,  but  decomposes  it 
more  completely  in  the  presence  of  mercury.  It  is  quickly  reduced 
by  iron  or  zinc  in  the  presence  of  dilute  hydrochloric  acid. 

Copper,  when  heatfed  with  silver  sulphide,  partially  decomposes  it, 
metallic  silver  and  an  argentiferous  copper  matte  being  produced. 
Heated  with  metallic  lead,  silver  sulphide  reacts  as  follows : — 

AgjS + (x + l)Pb  =  AggxPb  +  PbS 

but  the  reduction  is  not  complete,  a  portion  of  the  silver  sulphide 
uniting  with  the  lead  sulphide  forming  an  argentiferous  matte.  If 
lead  oxide  be  present  at  the  same  time,  then  complete  decomposition 
ensues  as  the  latter  reacts  in  this  way  with  the  sulphide  : — 

AggS  +  2PbO  =  2  AgPb + SO2 

Cupric  oxide  acts  in  precisely  the  same  way. 
Lead    sulphate    decomposes    silver    sulphide   according   to  the 
equation : — 

AgjjS  +  PbSO^ = AggPb  +  2SO2. 

Silver  sulphate  decomposes  silver  sulphide  in  a  similar  way. 
Mercury  decomposes  the  sulphide  only  slowly,  forming  silver  amalgam, 
but  in  presence  of  metallic  iron  the  decomposition  proceeds  rapidly, 
especially  on  heating. 

Silver  sulphide  is  almost  entirely  decomposed  when  melted  with 
caustic  potash  or  soda,  sulphide  and  sulphate  of  the  alkali  being 
produced.  It  is  completely  reduced  by  fusion  with  potassium 
nitrate. 

Molten  silver  dissolves  silver  sulphide,  according  to  Percy  100 
parts  of  silver  taking  up  1956  parts  of  the  sulphide. 

It  unites  with  the  sulphides  of  other  metals  when  melted  with 
them,  forming  mattes  which  possess  the  power  of  dissolving  metallic 
silver.  This  fact  is  made  use  of  in  the  smelting  of  argentiferous  ores 
poor  in  sulphur,  where  other  sulphides,  especially  iron  pyrites,  are 
added  to  the  smelting  charge  with  the  object  of  collecting  the  silver 
in  the  regulus  or  matte. 

By  roasting  sweet  the  compounds  of  silver  sulphide  with  the 
sulphides  of  iron  and  copper,  a  mixture  of  copper  and  iron  oxides  with 
metallic  silver  is  obtained. 

Concentrated  nitric  acid  easily  decomposes  silver  sulphide  with 
the  separation  of  sulphur  and  the  formation  of  silver  nitrate,  and 
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strong  sulphuric  acid  acts  similarly,  forming  silver  sulphate  ;  it  is  not 
attacked  by  dilute  sulphuric  acid. 

Dilute  hydrochloric  acid  is  without  action  upon  silver  sulphide, 
but  it  is  attacked  by  the  strong  acid  especially  on  heating ;  silver 
chloride  is  produced  which  partly  goes  into  solution  and  partly  coats 
the  remaining  sulphide,  interfering  with  the  further  action  of  the 
acid. 


Silver  Chloride 

This  compound  may  be  produced  either  in  the  wet  or  dry  way. 
In  the  dry  way  it  is  formed  by  the  action  of  chlorine  upon  either 
silver  or  its  sulphide,  or  by  the  action  of  hydrochloric  acid  and 
certain  chlorides  upon  the  same  bodies  at  a  red  heat.  In  the  wet 
way  it  is  produced  by  the  addition  of  jehlorine  or  chlorides  to  silver 
solutions,  or  by  the  action  of  various  metallic  chlorides  upon  silver, 
silver  sulphide  or  compounds  of  silver  with  arsenic  and  antimony. 

It  is  found  native  as  horn  silver,  crystallising  in  the  regular 
system.  It  melts  at  260°C.  to  a  reddish-yellow  liquid,  and  is 
slightly  volatile  at  high  temperatures.  It  is  soluble  to  a  certain 
extent  in  hydrochloric  acid  and  solutions  of  chlorides,  easily  soluble 
in  aqueous  ammonia,  and  very  easily  soluble  in  sodium  and  calcium 
thiosulphate  solutions  and  in  alkaline  cyanides.  It  is  less  soluble 
after  fusion  than  when  precipitated  from  solution  and  in  the  latter 
case  the  curdy  form  of  precipitate  is  more  easily  soluble  than  the 
gelatinous,  granular  or  crystalline  variety. 

According  to  the  investigations  of  A.  Vogel  and  Bernhart,  one 
litre  of  a  solution  of  jeach  of  the  following  chlorides  at  the  ordinary 
temperature  dissolves,  the  quantity  of  silver  chloride  given  in  the 
following  table : — 


Potassium  chloride . 

.     .     .  0-472 

gram 

of  silver  chloride. 

Sodium           „ 

.     .     .  0-950 

Ammonium    „        .     . 

.     .  1-575 

Calcium          „        .     . 

.     .  0-930 

Barium            „        .     . 

.     .  0-143 

Strontium       „ 

.     .     .  0-884 

Magnesium     „        .     . 

.     .  1-710 

In  solutions  of  the  chlorides  of  tin,  mercury,  copper,  zinc,  cadmium, 
nickel  and  cobalt,  it  is  insoluble. 
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According  to  H.  C.  Hahn  and  W.  M.  Curtis  the  solubility  in 
solutions  of  various  chlorides  is  as  follows : — 


Salt. 

Per  cent. 

Amoimt  of 

Bilver  chloride 

dissolved  per 

litre  ill  grams. 

Silver  dissolved 

per  litrs  in 

grams. 

Potassium  chloride . 
Sodium            ,, 
Ammonium     ,, 
Calcium           ,, 
Barium            ,, 
Magnesium      ,, 
Ferrous     *       ,, 
Ferric              ,, 
Manganous      ,, 
Zinc                 „ 

&'     :: 

24-95 
25-96 
28-45 
4126 
27-32 
36-35 
30-70 
37-48 
43  85 
53-34 
44-48 
0-99 

19-6 

19-6 

30 

30 

30 

30 

20 

21-4 

30 

30 

30 

30 

0-914 
1-270 
3-673 
8-350 
0-741 
7  095 
2-395 
0-085 
2-958 
0-215 
0-833 

0-688 
0  956 
2-764 
6^83 
0-558 
5339 
1-802 
0-064 
2-226 
0-162 
0-627 

These  experiments,  as  well  as  those  of  Vogel,  were  performed  with 
amorphous  silver  chloride,  and  though  the  two  series  do  not  agree  in 
all  respects,  yet  they  show  that  silver  chloride  is  more  soluble  in 
ammonium,  iron  and  manganese  chloride  solutions  than  in  solutions  of 
common  salt,  and  more  soluble  in  calcium  and  magnesium  chloride 
solutions  than  in  any  others. 

Hahn  has  recently  repeated  some  of  these  determinations  with  the 
following  results  ^ : — 100  c.c.  of  a  saturated  jsolution  of  calcium  chloride 
at  0°  contain  47*53  grams  of  the  salt.  One  litre  of  this  solution  can 
take  up  the  following  amounts  of  silver  chloride  : — 

At  O^^C,  2-835  grams ;  above  0°C.,  4-637  grams ;  at  lOO'C,  8-147  grams. 

Silver  chloride  was  found  to  be  much  more  soluble  in  a  saturated 
solution  of  magnesium  chloride  than  in  one  of  calcium  chloride. 

According  to  Vogel  and  Bemhart's  researches,  11  parts  of  hydro- 
chloric acid  (sp.  gr.  1165)  dissolve  at  the  ordinary  temperature  2*98 
parts  of  silver  chloride,  the  acid  diluted  with  an  equal  bulk  of  water 
dissolves  0-56  part,  diluted  with  five  times  its  volumes  of  water  0*035 
part,  and  diluted  with  an  equal  bulk  of  water  and  at  the  boiling 
point  5*6  parts  of  silver  chloride. 

Russell  has  investigated  the  solubility  of  silver  chloride  in  sodium 
thiosulphate  solutions;  concentrated  thiosulphate  solutions  dissolve 
more  silver  chloride  than  weaker  ones,  but  temperature  is  without 
influence   upon  the  solubility,  one  part  of  thiosulphate  dissolving 

^  Eng.  and  Min,  Journ,  9  April,  1898,  p.  434. 
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0*485  part  of  silver  chloride  containing  0*365  part  of  silver.  The 
solubility  of  the  chloride  is  interfered  with  by  the  presence  of  lead 
sulphate  or  sodium  sulphate  and  particularly  by  caustic  alkalies  and 
the  alkaline  earths. 

Silver  chloride  is  reduced  to  metal  by  hydrogen  as  well,  as  by 
caustic  alkalies  and  alkaline  carbonates  and  the  alkali  metals. 
Hydrogen  reduces  it  when  it  is  heated  for  a  long  time  in  a  current  of 
this  gas.  Metals  reduce  it  both  in  the  dry  and  wet  state,  and 
according  to  Karsten  in  the  following  orders,  metals  with  the  strongest 
reducing  properties  coming  first:  zinc,  iron,  arsenic,  lead,  copper, 
antimony,  mercury,  tin  and  bismuth.  Mercury  reduces  it  with  the 
simultaneous  formation  of  mercurous  chloride,  and  in  all  cases  the 
reduction  proceeds  more  quickly  in  presence  of  hydrochloric  acid. 

Iodide  and  bromide  of  silver  behave  similarly  to  the  chloride. 

Compounds  of  Silver  with  Arsenic,  Antimony  anp  Sulphur 

These  are  all  converted  into  silver  chloride  by  a  chloridising 
roasting,  that  is  by  roasting  with  common  salt.  The  silver  contained 
in  them  is  also  partially  converted  into  chloride  by  treatment  with 
cupric  or  cuprous  chloride  solution. 

On  fusion  with  lead  and  lead  oxide,  they  yield  up  the  whole  of 
their  silver,  which  alloys  with  the  lead. 

Of  the  various  oxygen  compounds  the  sulphate,  thiosulphate, 
arseniate  and  antimoniate  of  silver  are  of  special  metallurgical 
importance.  Silver  sulphate  is  formed  when  silver  is  dissolved  in 
boiling  concentrated  sulphuric  acid,  and  also  by  roasting  such 
argentiferous  metallic  sulphides  as  give  rise  to  the  formation  of 
sulphuric  anhydride,  argentiferous  copper  matte  for  example.  Also 
by  the  action  of  ferric  sulphate  solution  upon  silver,  particularly  in 
acid  solution,  and  when  heated,  thus : — 

Fe^CSO  J3 + 2  Ag = 2FeS04 + AggSO^. 

Silver  sulphate  decomposes  on  heating  into  silver,  oxygen  and  sulphur 
dioxide,  but  the  temperature  required  is  higher  than  that  needed  for 
the  decomposition  of  the  sulphates  of  copper,  iron  and  zinc. 

Zinc,  iron  and  copper  precipitate  metallic  silver  from  solutions  of 
the  sulphate.  Ferrous  sulphate  also  precipitates  silver  from  solutions 
of  the  sulphate.  Silver  sulphate  is  difficultly  soluble  in  cold  water, 
easily  soluble  in  hot  water,  and  very  easily  soluble  in  sulphuric  acid. 
As  dilute  sulphuric  acid  is  without  action  on  silver  it  may  be  separated 
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from  its  admixture  with  copper  oxide  by  treatment  with  this  acid, 
copper  sulphate  being  produced  and  metallic  silver  remaining. 

Silver  nitrate  is  produced  by  dissolving  the  metal  in  nitric  acid  ; 
it  is  decomposed  at  high  temperatures,  leaving  a  residue  of  metallic 
silver. 

Silver  thiosulphate  (AggSgO^)  decomposes  tolerably  quickly  in 
air,  forming  sulphide  and  sulphate  of  the  metal,  but  it  forms  stable 
double  salts  with  the  thiosulphates  of  the  alkalies  and  alkaline 
earths;  solutions  of  sodium  and  calcium  thiosulphates  easily  dissolve 
silver  chloride  forming  double  salts  possessing  a  sweetish  taste. 

Sulphuretted  hydrogen  and  sulphides  of  the  alkalies  and  alkaline 
earths  precipitate  silver  from  its  thiosulphate  solution  in  the  form  of 
silver  sulphide. 

Silver  arseniate  and  antimoniate  are  very  stable  silver  compounds 
formed  in  the  roasting  of  arsenical  or  antimonial  silver  orea  By 
melting  with  lefiwi  they  are  almost  entirely  reduced,  the  metallic 
silver  alloying  with  the  excess  of  lead ;  by  roasting  with  salt  they 
are  almost  coinpletely  converted  into  silver  chloride. 

Sodium  thiosulphate  or  sodium  copper  thiosulphate  dissolves 
both  compounds,  one  part  of  the  crystallised  sodium  salt  dissolving 
(best  in  the  hot  solution)  according  to  Russell  02  part  of  silver  in 
the  form  of  arseniate.  When  present  as  antimoniate  which  is  also 
more  easily  soluble  in  hot  solutions,  one  part  of  sodium  thiosulphate 
dissolves  0*05  part  of  silver.  The  solubility  of  both  salts  in  sodium 
thiosulphate  is  considerably  increased  by  the  presence  of  caustic  soda. 

Mercury  does  not  decompose  silver  arseniate  or  antimoniate. 

Silver  Alloys 

The  alloys  of  silver  of  special  metallurgical  importance  are  those 
with  mercury,  lead,  copper,  zinc  and  gold. 

Silver  easily  alloys  with  mercury,  especially  on  warming,  the  alloy 
being  known  as  silver  amalgam.  Mercury  also  possesses  the  property 
of  reducing  metallic  silver  from  its  combinations  with  chlorine, 
bromine,  iodine,  sulphur  and  copper,  the  reduced  metal  forming  an 
amalgam,  and  it  is  on  this  account  largely  used  in  the  extraction  of 
silver  from  its  ores. 

Silver  amalgam  occurs  in  nature,  crystallised  in  the  regular 
system. 

By  squeezing  through  canvas  the  fluid  amalgam  can  be  separated 
into  two  portions,  a  pasty  amalgam  which  remains  behind,  and  a 
fluid  portion  consisting  largely  of  mercury.     With  amalgams  of  silver 
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and  mercury  the  upper  portions  are  richer  in  silver  than  the  lower 
ones,  whereas  in  the  case  of  gold  amalgams  the  lower  portions 
are  the  richer  in  gold;  this  is  due  to  the  fact  that  the  specific 
gravity  of  mercury  is  greater  than  that  of  silver  amalgam  but  less 
than  that  of  gold  amalgam. 

On  heating  above  the  boiling  point  of  mercury,  silver  amalgam 
parts  with  its  mercury,  leaving  a  residue  of  silver. 

Lead  alloys  very  easily  with  silver  when  the  two  metals  are 
simply  melted  together,  and  lead  possesses  the  power  of  withdrawing 
silver  from  its  compounds  with  copper,  sulphur,  arsenic,  antimony 
and  from  silver  salts,  forming  an  alloy  with  it.  This  property  is  mfiwie 
use  of  extensively  for  the  extraction  of  silver ;  from  its  alloy  with 
copper  it  is  extracted  by.  means  of  lead,  and  from  its  compounds  with 
sulphur,  arsenic  and  antimony  by  the  aid  of  lead  oxide,  as  these 
compounds  are  not  completely  decomposed  by  the  metal  alone.  Lead 
oxide  acts  as  an  oxidising  agent  towards  the  sulphur,  arsenic  and 
antimony,  the  reduced  lead  taking  up  the  silver.  Lead  sulphate  may 
be  used  in  certain  cases  in  place  of  lead  oxide. 

From  lead-silver  alloys  the  lead  can  be  removed  as  litharge  by 
oxidation,  or  it  can  be  separated  electrolytically,  or  the  silver  can  be 
abstracted  from  the  molten  alloy  by  treatment  with  zinc  which  has  a 
greater  affinity  for  silver  than  is  possessed  by  lead. 

Copper  alloys  easily  with  silver,  and  argentiferous  copper  is 
produced  in  the  smelting  of  argentiferous  copper  ores  or  when  silver 
and  copper  ores  are  smelted  together. 

Silver  can  be  separated  from  copper  alloys  by  electrolysis,  or  if 
treated  with  mercury  the  silver  is  taken  up  by  the  latter  metal.  If 
the  alloy  be  melted  with  lead,  a  silver-copper-lead  alloy  is  obtained, 
and  if  this  be  heated  to  a  higher  temperature  than  the  melting  point 
of  lead,  a  lead-silver  alloy  flows  from  it,  leaving  behind  the  copper 
deprived  of  the  greater  portion  of  its  silver  (liquation). 

If  the  silver-copper  alloy  be  powdered  and  roasted  with  common 
salt,  the  silver  is  converted  into  silver  chloride,  the  copper  being 
then  present  mainly  as  oxide.  If  the  alloy  be  melted  with  an  excess 
of  sulphur,  sulphides  of  both  metals  are  produced  (matte),  but  if  an 
insufficient  amount  of  sulphur  is  present,  it  combines  with  the  copper, 
and  silver  separates  in  the  metallic  state. 

If  the  copper-silver  alloy  be  treated  with  dilute  sulphuric  acid  in 
presence  of  air,  the  copper  passes  into  solution  as  sulphate,  the  silver 
remaining  unacted  on.  With  concentrated  hot  sulphuric  acid  and 
with  nitric  acid  both  copper  and  silver  go  into  solution. 

Silver  readily  alloys  with  zinc,  and  as  zinc  possesses  a  greater 
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affinity  for  silver  than  lead,  the  silver  can  be  extracted  from  molten 
silver-lead  alloys  by  its  means.  A  mixture  of  zinc,  silver  and  lead  is 
produced  from  virhich  a  large  proportion  of  the  lead  can  be  separated 
by  liquation.  If  the  lead  and  zinc  are  free  from  copper,  a  tolerably 
rich  silver-zinc  alloy  can  be  obtained,  especially  by  the  addition  of  a 
small  proportion  of  aluminium.  The  zinc  in  the  lead-zinc-silver  alloy 
can  be  got  rid  of  by  distillation,  or  by  oxidation  or  treatment  with 
fluxing  materials,  or  by  treatment  with  sulphuric  acid,  and  from  the 
zinc-silver  alloy,  the  zinc  can  be  eliminated  by  electrolysis,  distillation 
or  treatment  with  acid. 

Gold  and  silver  easily  alloy  together.  If  the  alloy  be  boiled  with 
concentrated  sulphuric  acid,  the  silver  goes  into  solution  as  sulphate, 
the  gold  remaining  behind.  Or  if  an  alloy  in  which  the  proportion  of 
gold  to  silver  is  not  greater  than  4  : 7  be  heated  with  nitric  acid,  the 
silver  is  dissolved  and  the  gold  left ;  if  gold  be  present  in  excess  of 
this  proportion  the  residual  gold  retains  some  silver.  If  a  gold-silver 
alloy  be  treated  with  aqua  regia,  the  gold  dissolves  and  the  silver 
remains  as  chloride. 

Melted  together  with  antimony  sulphide,  the  silver  in  a  gold- 
silver  alloy  combines  with  the  sulphur,  and  the  gold  with  the 
antimony.  Chlorine  gas  passed  into  a  molten  alloy  of  silver  and 
gold  converts  the  silver  into  chloride,  the  gold  being  unaffected.  By 
making  a  gold-silver  alloy  form  the  anode  and  a  silver  plate  the 
cathode,  and  using  a  silver  nitrate  solution  as  the  electrolyte,  silver 
is  deposited  on  the  cathode  and  gold  remains  behind  at  the  anode. 
» 

The  Ores  of  Silver 

Silver  occurs  in  nature  both  in  the  free  state  and  in  combination 
with  other  bodies.  In  its  combinations  it  occurs  either  as  an 
essential  constituent  of  the  ore  or  as  an  accidental  ingredient,  and 
both  classes  of  ores  are  of  metallurgical  importance.  To  the 
first  class,  the  silver  ores  proper,  the  following  bodies  belong : 

Native  Silver 

This  often  occurs  in  isomorphous  admixture  with  gold,  mercury 
and  copper ;  it  is  found  at  Kongsberg  in  Norway,  in  the  Erzgebirge 
in  Saxony  (Freiberg,  Schneeberg,  Johann-Georgenstadt),  in  the  Lake 
Superior  district  in  Michigan,  U.S.A.,  and  in  Nevada,  in  Mexico 
(Batopilas),  Peru  (Coronel  and  Loyse  mines).  Chili,  Bolivia,  and 
Australia  (Broken  Hill,  New  South  Wales). 
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Amalgam,   mAgnHg 

The  proportions  of  silver  and  mercury  are  variable,  the  silver 
content  ranging  from  26  to  86  per  cent.  It  has  been  found  at 
Moschellandsberg  in  the  Palatinate,  at  Rosenau  in  Hungary,  Allemant 
in  France,  and  in  Chili  and  Bolivia. 

Antimonial  Silver  or  Dyscrasite,  Ag^Sb  to  Ag^jSb 

This  is  an  isomorphous  mixture  of  silver  and  antimony  with  from 
64  to  94  per  cent,  of  silver.  It  has  been  found  chiefly  at  St.  Andreas- 
berg  (Upper  Harz),  Wolfach  (Baden),  Chanarcillo  (Chili),  and  in 
Bolivia. 

Arqentite  or  Silver  Glance,  AggS 

One  of  the  most  important  ores  of  silver,  containing  87  1  percent. 
of  silver  and  usually  small  amounts  of  lead,  copper  or  ii  on.  It  occurs 
generally  in  admixture  with  other  sulphides  in  the  Erzgebirge  (Frei- 
berg), in  Bohemia,  Hungary,  France  (Huelgoet  and  Chiromagny), 
Mexico  (particularly  in  the  mines  at  Guanaxuato  and  Zacatecas), 
Nevada  (formerly  in  large  quantities  in  the  Comstock  lode,  Virginia 
City)  Peru,  Chili,  Bolivia  (Huanchacas). 

Stromeyerite,  (CujS  +  Ag^S), 

with  631  per  cent,  of  silver  occurs  in  Chili  and  in  the  Altai 
Mountains,  Siberia. 

MlARGYRlTE,  AgjS  +  Sb^S.,, 

with  32'8  to  36*4  per  cent,  of  silver  is  found  in  Saxony  (Freiberg),  in 
the  Harz  (Andreasberg),  in  Bohemia,  (Przibram),  in  Mexico  (Potosi, 
Parenos). 

Ptrargyrite  {Dark  red  Silver  Ore),  SAg^S  +  SbgSg, 

with  59*8  per  cent,  of  silver  occurs  at  Andreasberg  in  the  Harz,  in 
the  Erzgebirge,  in  Norway,  Hungary,  Spain,  Nevada  and  Idaho  and 
in  Mexico  and  Chili. 

Proustite  (Light  red  Silver  Ore),  3AgoS  +  AsgSj, 

with  654  per  cent,  of  silver  is  found  at  Andreasberg,  Freiberg,  Spain 
(Guadalcanal)  and  Nevada. 
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Fahlore.  or  Tetrahedrite 

This  is  an  important  silver  ore  and  consists  of  a  mixture  of 
antimony  or  arsenic  sulphide,  or  both,  with  sulphides  of  silver, 
copper,  zinc,  iron  and  mercury.  According  as  to  whether  antimony 
or  arsenic  sulphide  is  present  the  ore  is  distinguished  as  anti- 
monial  fahlore  with  the  formula  4RS  +  SbgSg  or  arsenical  fahlore 
4RS  +  AsgSj,  where  R  =  Cu2,  Agg,  Zn,  Fe,  Hg.  The  silver  content 
varies  from  a  fraction  of  a  per  cent,  up  to  31  per  cent.,  being 
greatest  in  the  aptimonial  varieties,  the  silver  in  the  arsenical 
varieties  being  in  much  smaller  amounts  or  even  absent  altogether. 
When  the  ore  contains  both  arsenic  and  antimony  the  silver  content 
seldom  amounts  to  more  than  1  per  cent.  Silver  and  copper  as  a 
rule  replace  each  other,  the  percentage  of  copper  decreasing  with 
increasing  silver  content.  Fahlore  is  found  in  deposits  of  silver  and 
copper  ores  in  Germany,  the  Tyrol,  Hungary  and  Colorado,  U.S.A. 

Stephanite,  SAggS  +  SbgSj, ' 
with.  68*4  per  cent,  of  silver  occurs  in  Saxony,  Hungary,  and  Mexico. 

Polybasite,  9  (CugSAggS)  (SbgSsAsgSg) 

This  ore  contains  64  to  72*4  per  cent,  of  silver,  part  of  which  may 
be  replaced  by  copper,  iron  or  zinc,  whilst  the  antimony  may  be 
partly  or  wholly  replaced  by  arsenic.  It  is  found  at  Freiberg, 
Andreasberg,  Schemnitz  (Hungary)  and  in  Mexico.  Rarer  ores  are 
Freieslebenite  5  (PbAgg)  S  +  2Sb2S8  with  22  per  cent,  of  silver, 
Stembergite  (AgFogSg)  with  33  per  cent,  of  silver  and  silver  telluride 
or  Hessite,  AggTe,  with  61  per  cent,  of  silver. 

Kerargyrite  or  Horn  Silver,  AgCl, 

with  725  per  cent,  of  silver  at  times  occurs  in  such  quantities  as 
to  be  worth  working  alone.  It  is  a  decomposition  product  of  the 
sulphide  ores,  and  is  found  in  the  upper  portions  of  such  deposits 
in  Mexico,  Chifli,  Peru,  Bolivia,  the  Altai  Mountains,  the  State  of 
Colorado  (Leaaville),  U.S.A.,  Broken  Hill,  in  New  South  Wales. 

Bhomite,  AgBr, 

with  57'45  per  cent,  of  silver  occurs  in  similar  situations  to  silver 
chloride  in  Mexico,  Chili,  and  Broken  Hill  (Australia). 
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Embolite,  (mAgCl  +  nAgBr), 

with  60  to  70  per  cent,  of  silver  is  occasionally  found  under  the  same 

conditions  as  silver  chloride,  as  at  Broken  Hill. 

« 

lODITE,  Agl, 

with  45'96  per  cent,  of  silver  occurs  like  the  chloride  in  Mexico  and 
Chili  and  has  recently  been  found  at  Broken  Hill. 

The  majority  of  the  preceding  ores  occur  together  in  the  several 
ore  deposits,  so  that  the  ore  delivered  to  the  smelting  works  is 
usually  a  mixture  of  several  of  them.  The  chlorides,  iodides  and 
bromides  together  with  native  silver,  occur  in  the  upper  portions  of 
the  deposits,  whilst  the  arsenic,  antimony  and  sulphur  compounds  are 
found  in  the  lower  portions.  Fahlore  usually  occurs  by  itself  apart 
from  other  silver  ores. 

Minerals  which  contain  silver  as  an  accidental  ingredient  are 
galena,  zinc  blende,  copper  pyrites,  magnetic  pyrites,  iron  pyrites, 
'boumonite,  copper  glance,  bornite,  native  arsenic,  arsenical  pyrites 
and  certain  nickel,  cobalt  and  bismuth  ores. 

Galena  often  contains  silver  in  such  considerable  amounts  (up  to 
1  per  cent.)  that  the  value  of  the  silver  in  it  is  greater  than  that  of 
the  lead,  and  the  greater  portion  of  the  silver  produced  in  Europe  is 
obtained  from  galena.  Copper  ores  also  often  contain  a  considerable 
percentage  of  silver  as  for  instance  in  the  Mansfeld  copper  schist. 

Argentiferous  Products  obtained  in  Smelting 

In  addition  to  the  ores  of  silver  there  are  a  variety  of  smelting 
products  which  serve  as  sources  of  the  metal,  the  chief  of  these  being 
copper  and  lead  mattes,  black  copper,  argentiferous  burnt  pyrites  and 

certain  drosses  and  scums.  ! 

I 

The  Extraction  of  Silver  from  its  Ores 

I 

It  will  have  been  gathered  from  a  perusal  of  the  above  list  of 
silver  ores,  together  with  the  various  reactions  of  silver  compounds 
before  described,  that  there  is  considerable  variety  in  the  processes  of 
silver  extraction.  In  all  cases  the  silver  is  at  last  obtained  in  union 
with  lead,  zinc,  copper  or  mercury,  or  in  a  solution  from  which  it 
can  be  precipitated  as  metal  or  as  sulphide  or  chloride,  or  else  it  is 
separated  by  electrol3^is  from  its  combinations.  The  methods  of 
extraction  fell  into  three  main  groups : — 

1.  Dry  processes. 

2.  Wet  processes. 

3.  Electrolyticjprocesses. 
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To  a  certain  extent  the  wet  and  dry  methods  of  extraction  are 
combined,  argentiferous  products  obtained  by  dry  methods  being 
worked  up  by  wet  processes  or  vice  versa.  Electrolytic  processes  are 
also  usually  preceded  by  a  preparation  of  the  ore  by  dry  methods. 

The  extraction  of  silver  from  ores  and  smelting  products  in  the 
dry  way  is  based  upon  the  conversion  of  the  silver  into  a  silver-lead 
alloy,  whilst  the  combined  wet  and  dry  methods  include  : — 

I.  The  conversion  of  silver  into  a  silver-lead  alloy. 
II.  The  production  of  silver  amalgam. 

III.  The  production  of  a  silver  compound  which  is  soluble  in 
aqueous  solutions. 

The  electrolytic  processes  for  the  separation  of  silver  require  its 
conversion  into  a  copper-silver,  lead-silver,  zinc-silver  or  gold-silver 
alloy,  from  which  the  silver  is  obtained  by  making  it  the  anode  in  an 
electrolytic  cell. 

The  adoption  of  any  particular  method  of  extraction  is  determined 
by  the  character  of  the  ores  or  argentiferous  smelting  products  which 
are  to  be  worked,  the  various  admixtures  which  they  contain,  and 
upon  local  conditions. 

Ores  very  rich  in  silver  are  chiefly  worked  in  the  dry  way.  For 
ores  of  poor  or  medium  silver  content,  either  wet  or  dry  methods  are 
used,  depending  on  the  ingredients  associated  with  the  silver  com- 
pounds, and  upon  the  price  of  fuel  and  other  local  conditions.  Ores 
containing  large  percentages  of  lead  are  mainly  worked  by  dry 
processes,  ores  with  large  amounts  of  copper  being  advantageously 
treated  by  wet  processes  or  electrolytic  methods. 

In  the  case  of  ores  free  from  copper  and  lead,  or  containing  only 
small  amounts  of  these  metals,  the  method  of  treatment  depends 
upon  the  price  of  fuel  and  motive  power,  upon  the  possibility  of 
obtaining  lead  ores  or  plumbiferous  materials  cheaply,  upon  the 
possibility  of  treating  the  ore  directly  with  mercury  without  roasting, 
or  of  converting  the  silver  in  it  into  chloride,  which  can  then  be 
dissolved  by  brine  or  thiosulphate  solution.  It  also  depends  upon 
the  behaviour  of  the  unroasted  ore  towards  copper  chloride  solutions, 
.  upon  the  price  of  the  various  reagents  (salt,  copper  sulphate,  sodium 
thiosulphate,  mercuiy,  sodium  sulphide,  iron,  copper  and  zinc)  as  well 
as  upon  the  arrangements  for  the  transport  for  the  ores,  fuel  and  fluxes 
to  the  smelting  works. 

Argentiferous  lead  and  copper  ores  are  treated  by  the  usual 
processes  for  obtaining  the  respective  metals,  the  silver  in  lead  ores 
being  obtained  in  the  work-lead,  and  in  copper  ores  in  the  various 
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intermediate  products  of  copper  smelting.  At  Torreon  in  Mexico, 
silver  ores  free  from  sulphides  are  smelted  with  oxidised  copper  ores 
for  argentiferous  copper.^  It  is  not  possible  to  give  any  general 
description  of  the  methods  of  working  the  various  metallurgical  bye- 
products  for  silver,  and  these  processes  must  be  treated  individually. 
The  silver  obtained  by  the  above  processes  is  in  most  cases  impure, 
containing  elements  (copper,  lead,  arsenic,  antimony,  bismuth, 
selenium)  injurious  to  its  use  in  the  arts,  and  which  must  therefore 
be  removed  by  a  refining  process. 

The  Extraction  of  Silver  by  Dry  Methods 

The  extraction  of  silver  in  the  dry  way  is  eflFected  by  converting 
the  metal  into  a  silver-lead  alloy  and  then  submitting  this  to  an 
oxidising  melting  in  the  cupellation  furnace.  The  production  of  the 
silver-lead  alloy  depends  upon  the  power  which  lead  possesses  of 
extracting  silver  from  its  ores  and  from  various  products  containing 
it,  the  lead  readily  alloying  with  the  silver,  and  the  operation  is 
carried  out  either  by  a  simple  melting  or  by  a  combination  of  roast- 
ing and  melting  processes.  The  process  for  the  combining  of  the 
lead  and  silver  is  known  as  the  leading  ("  Verbleien  ")  of  the  silver, 
the  alloy  obtained  being  called  work-lead,  and  the  oxidising  melting 
for  the  separation  of  the  lead  is  called  cupelkUion  ("  Abtreiben  "). 

If  the  amount  of  silver  in  the  work-lead  is  not  sufficiently  great 
to  render  direct  cupellation  profitable,  then  it  is  concentrated  before 
being  cupelled.  This  concentration  of  the  silver  in  the  work-lead  is 
effected  by  two  processes,  Pattineon's  process  and  the  method  of 
desilverising  by  means  of  zinc.  The  various  operations  involved  in 
obtaining  silver  in  the  dry  way  are  then  as  follows  : — 

I.  The  production  of  work-lead. 
II.  The  concentration  of  the  silver  in  the  work-lead. 
III.  Obtaining  the  silver  from  the  enriched  work-lead  (cupella- 
tion). 

The  process  of  leading  is  applicable  to  all  varieties  of  ores  and 
metallurgical  products,  but  it  is  attended  with  considerable  losses  of 
silver  and  a  large  fuel  consumption,  particularly  in  the  cases  of  cupri- 
ferous ores  and  of  ores  and  products  free  from  lead  and  poor  in  silver. 
On  this  account  the  silver  in  such  bodies  is  often  extracted  either  by 
the  wet  way  or  by  electrolytic  treatment. 

'  Collins,  Metall,  of  Lead  and  Silver,  ii.  321. 
VOL.  I  Q  Q 
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Leading  is  used  when  the  ores  contain  lead,  or  if  free  from  lead 
when  it  is  possible  to  procure  cheaply  large  amounts  of  lead  compounds 
(litharge,  old  hearths,  &c.),  and  where  fuel  is  abundant  or  when  the  ores 
are  so  very  rich  in  silver  that  they  can  be  put  directly  into  a  bath  of 
molten  lead.  Its  employment  in  the  extraction  of  silver  from 
argentiferous  metallurgical  products  is  limited  to  those  cases  where 
the  products  are  rich  in  silver  or  are  not  suitable  for  treatment  by 
wet  methods ;  cupriferous  products  free  from  lead  are  in  most  cases 
treated  moat  advantageously  by  means  of  wet  methods  or  electrolytic 
processes.     Dry  methods  in  all  cases  demand  a  fairly  cheap  fuel. 

THE   PRODUCTION   OF   WORK-LEAD 

Under  this  head  we  have  to  distinguish  : — 

1.  The  production  of  work-lead  from  ores. 

2.  The  production  of  work-lead  from  metallurgical  products, 
namely,  from 

a.  Matte. 
6.  Speiss. 

c.  Alloys. 

d.  Other  metallurgical  products. 

I.  The  Production  of  Work-Lead  from  Ores 

The  leading  of  the  ores  is  carried  out  in  various  ways  according 
to  the  amount  of  silver  present,  and  the  various  admixtures  which 
the  ores  contain. 

Silver  ores  proper  can  be  divided  into  those  with  high,  medium, 
or  low  silver  content. 

Ores  with  a  high  percentage  of  silver  are  thrown  into  a  bath  of 
molten  lead,  most  conveniently  in  the  cupellati&n  hearth  or  are 
alloyed  with  lead  by  the  more  costly  method  of  melting  them  with  it 
in  crucibles. 

Ores  of  medium  silver  content  are  smelted  in  blast  furnaces  with 
the  addition  of  lead  ores  or  materials  rich  in  lead  in  order  to  obtain 
the  silver  in  the  work-lead.  If  the  ores  contain  sulphur  the  poorer 
portions  are  roasted  before  smelting,  just  as  lead  ores  are  roasted,  whilst 
richer  ores  are  added  directly  to  the  smelting  charge.  In  the  case  of 
ores  containing  sulphur,  a  matte  is  always  produced  which  retains  - 
some  of  the  silver  and  which  must,  therefore,  be  subsequently  worked 
up  for  that  metal,  and  as  this  involves  a  series  of  costly  operations  its 
formation  is  to  be  avoided  as  far  as  possible.     With  cupriferous  silver 
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ores  like  fahlore  the  formation  of  matte  cannot  be  prevented,  and 
in  many  cases  a  speiss  is  produced,  from  which  it  is  even  more 
difficult  to  obtain  the  silver  than  from  matte. 

Ores  poor  in  silver,  if  they  are  free  from  lead,  are  not  leaded 
directly,  but  are  converted  first  into  a  matte  ("  Bohttein  ").  This  is 
eflfected  by  smelting  in  blast  furnaces  with  an  addition  of  pyrites  if 
the  ores  are  poor  in  sulphur,  or  directly  if  containing  a  medium 
amount,  or  after  previous  roasting  if  rich  in  sulphur.  The  matte 
produced  is  then  leaded.  If,  however,  the  ores  poor  in  silver  contain 
some  lead,  they  are  smelted  direct  for  work-lead.  Argentiferous 
lead  ores  are  smelted  directly  for  work-lead  by  the  ordinary  processes 
of  lead  smelting  without  regard  to  their  content  of  silver. 

Argentiferous  copper  ores  are  only  leaded  when  they  occur 
intimately  mixed  with  lead  ores  or  when  they  are  worked  in  common 
with  cupriferous  silver  ores  like  fahlore.  In  such  cases  they  are 
smelted  in  blast  furnaces  (after  previous  roasting  if  necessary),  with 
roasted  lead  ores  or  materials  rich  in  lead  such  as  litharge  or  cupella- 
tion  hearths,  any  silver  ores  which  may  be  available  being  added  at 
the  same  time  and  the  products  being  work-lead  and  matte.  The 
matte  (known  as  copper  matte)  contains  a  considerable  amount  of 
silver  and  is  worked  up  for  argentiferous  copper  matte,  from  which 
the  silver  is  extracted  by  a  repetition  of  the  leading  process  or  by  wet 
methods. 

This  process  is  only  employed  in  the  cases  just  mentioned,  as  it  is 
unsatisfactory  and  costly  on  account  of  the  imperfect  extraction  of  the 
silver  in  the  work-lead,  the  considerable  loss  of  metal,  and  the  tedious 
operations  involved  in  working  up  the  copper  matte. 

A  more  satisfactory  method  and  one  which  is  at  present  generally 
adopted  is  to  work  up  the  argentiferous  copper  ores  by  themselves, 
collecting  the  silver  in  the  various  intermediate  and  bye-products  of 
the  copper  smelting  process,  and  extracting  the  silver  from  these  by 
means  of  wet  methods  or  by  electrolytic  processes. 

Argentiferous  zinc  ores,  when  they  occur  intimately  admixed  with 
lead  ores  as  at  Freiberg  and  in  the  Lower  Harz,  are  either  "  leaded  " 
direct  or  after  roasting,  or  they  are  first  distilled  to  obtain  the  zinc, 
and  the  retort  residue  is  then  smelted  for  work-lead,  a  method  which 
is  also  in  use  at  Freiberg. 

The  process  of  leading  was  also  formerly  in  use  at  Joachimsthal 
in  Bohemia^  for  the  extraction  of  silver  from  nickel  and  cobalt  ores, 
but  on  account  of  the  large  loss  of  silver  it  has  given  way  to  wet 
processes  of  extraction. 

1  Btrp'  und  Huttenm,  Ztg.  1864,  p.  104.     Oesterr.  Zeilsch.  1857,  p.  313. 

Q  Q  2 
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THE   PRODUCTION   OF  WORK-LEAD  FROM  RICH  SILVER  ORES 

This  can  be  effected  either  by  melting  the  ores  with  lead  in 
crucibles  or  by  direct  addition  of  the  ore  to  a  red  hot  bath  of  the 
molten  metal. 

Method  of  Leading  in  Crucibles 

This  method  is  practically  obsolete  as  it  is  much  more  costly  than 
the  alternative  method.  Plumbago  crucibles  are  best ;  litharge 
was  added  as  a  flux  together  with  some  iron  if  sulphide  of  silver 
was  present.  Potash,  glass,  borax  and  soda  were  also  used  as  fluxes. 
In  this  way  the  conversion  of  the  silver  into  the  silver-lead  alloy 
was  fairly  complete  if  there  was  no  production  of  matte,  otherwise 
the  matte  retained  a  considerable  amount  of  silver.  If  copper  were 
present,  a  copper  matte  was  produced  necessitating  a  series  of  costly 
operations  for  the  extraction  of  the  silver. 

This  method  of  leading  was  formerly  in  use  at  Kongsberg  in 
Norway  ^  with  ores  in  which  90  per  cent,  of  the  silver  was  in  the  free 
state,  the  ore  being  melted  in  charges  of  about  3  cwts.  in  plumbago 
crucibles  together  with  lead,  3  per  cent,  of  iron  filings  and  1  per  cent, 
of  borax,  and  the  silver-lead  alloy  produced  was  directly  cupelled. 

ProdiLction  of  the  Silver-Lead  Alloy  in  Lead  Baths 

The  work-lead  which  has  been  melted  in  the  cupellation  hearths 
serves  as  the  lead  bath  and  the  addition  of  the  silver  ores  takes  place 
at  the  commencement  of  the  period  of  litharge  production  and  after 
the  Abstrich  and  first  impure  litharge  have  been  taken  off.  The  air 
blast  is  stopped  and  the  ore  is  thrown  on  to  the  surface  of  the  molten 
lead  in  quantities  of  J  to  1  cwt.,  the  temperature  being  raised  by 
increasing  the  firing.  The  ore  floating  on  the  surface  undergoes  a 
partial  roasting,  and,  if  arsenic  and  sulphur  are  present,  these  are  to  a 
certain  extent  eliminated,  the  silver  is  reduced  by  the  lead  and 
especially  by  the  litharge,  and  the  reduced  silver  is  taken  up  by  the 
large  excess  of  lead  present,  any  residue  remaining  on  the  surface  of 
the  bath  being  fluxed  by  the  litharge.  As  soon  as  the  slag  is  fairly 
fluid  it  is  raked  off  the  surface  and  the  cupellation  proceeds  until 
further  additions  of  silver  ores  are  made. 

This  method  is  in  use  at  Altenau  and  Andreasberg  in  the  Upper 
Harz.     At  Altenau,  ores  with  more  than  2  per  cent,  of  silver  are 

1  Berg-  und  HiUtenm.  Zig,  1855,  pp.  49,  99 ;  1858,  p.  101  ;  1866,  pp.  172,  250. 
PreuM.  MinisL  Zeitsch.  vol.  xiv.  p.  96. 
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treated  in  the  above  way,  the  ore  being  added  by  means  of  a  scoop  in 
quantities  of  70  to  90  lbs.  to  a  bath  of  metal  weighing  about  11 
tons,  on  the  hearth  of  a  German  cupellation  furnace.  By  quick 
firing  the  ore  is  roasted  and  then  fluxed,  and  after  a  short  time  the 
residue  is  raked  off,  the  whole  process  lasting  from  J  to  f  of  an 
hour,  and  being  again  repeated  after  an  interval  of  from  J  to  one  hour 
from  the  raking  ofif  of  the  residue.  Half  a  ton  of  ore  is  added  to  a 
lead  bath  containing  10  tons  of  lead. 

At  St.  Andreasberg,  ores  with  10  per  cent,  and  over  of  silver  are 
treated  in  the  same  way,  about  a  cwt.  of  ore  being  added  each  time 
at  intervals  of  two  hours,  the  lead  bath  containing  at  the  beginning 
of  the  operation  0*4  per  cent,  of  silver.  The  residue  raked  ofif  in  the 
process  is  smelted  in  blast  furnaces  with  ores  containing  small  or 
medium  percentages  of  silver. 

At  Poullaouen,  in  France,  ores  containing  native  silver,  horn  silver 
and  silver  sulphide,  with  2  per  cent,  of  silver  altogether,  were  also 
added  to  the  lead  bath  in  the  cupellation  furnace  during  the  period 
of  litharge  formation.^ 

PRODUCTION   OF   WORK-LEAD   FROM  ORES  OF  MEDIUM  SILVER 

PERCENTAGE 

Ores  with  medium  percentages  of  silver  and,  under  favourable 
circumstances,  ores  poor  in  silver  are  smelted  together  with  lead  ores 
or  with  roasted  lead  mattes,  litharge,  or  other  materials  rich  in  lead, 
as  in  the  ordinary  processes  of  lead  smelting.  If  arsenic,  antimony,  or 
sulphur  is  present  in  the  ores,  the  latter  are  first  roasted  unless  they 
contain  large  percentages  of  silver.  Blast  furnaces  are  generally  used 
for  the  smelting,  reverberatory  furnaces  being  only  rarely  employed. 
Generally  when  the  ores  contain  sulphides,  and  invariably  when  they 
contain  both  sulphur  and  copper  ores,  a  matte  is  obtained  in  addition 
to  the  work-lead  ;  the  matte  contains  some  of  the  silver  and  is  further 
worked  up  to  an  argentiferous  copper  matte  or  to  argentiferous  black 
copper.  The  production  of  work-lead  in  this  way  does  not  differ, 
as  regards  the  plant  employed  and  the  methods  used,  from  the 
ordinary  lead-smelting  processes  previously  described. 

As  most  lead  ores  contain  silver,  an  argentiferous  work-lead  is 
obtained  in  the  ordinary  process  of  lead  smelting,  and  in  many  cases 
silver  ores  are  added  to  the  smelting  charge  so  as  to  produce  a  richer 
work-lead.  Hence  no  special  description  of  the  leading  of  such 
ores  can  be  given,  the  process  being  practically  the  ordinary  lead- 

^  Berg-  unci  HiUUnm,  Zig,  1859,  p.  351. 
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smelting  process.  The  charge  is  usually  made  up  in  such  a  way  that 
the  work-lead  produced  contains  not  more  than  2  per  cent,  of  silver, 
otherwise  the  loss  of  silver  in  the  slag  becomes  too  gi-eat. 

The  process  of  leading  silver  ores  is  employed  at  the  following 
places : — At  Broken  Hill,  N.S.W.,  and  Port  Pirie,  South  Australia, 
where  the  ores  contain  chloride  and  iodide  of  silver  and  native  silver ; 
at  Freiberg  in  Saxony,  St.  Andreasberg  in  the  Upper  Harz,  Schemnitz 
and  Kapnik  in  Hungary,  Colorado,  El  Paso  (Texas)  and  various 
Mexican  works  where  sulphur,  arsenic,  and  antimony  compounds 
of  silver  are  worked;  at  Altenau  in  the  Upper  Harz;  and  at  the 
Rothenbacher  works  near  Miisen,  where  cupriferous  ores  are 
smelted. 

The  working  of  the  Broken  Hill  ore  has  already  been  described 
on  page  525.  The  silver  ores  proper  are  chloride,  bromide,  and 
iodide  of  silver,  embolite  and  native  silver,  which  occur  with  kaolin, 
siliceous  gangue,  and  brown  haematite,  and  they  are  smelted  together 
with  argentiferous  lead  carbonates  in  blast  furnaces  of  the  American 
type.  In  1891-92  the  ores  averaged  15  to  18  per  cent,  of  lead  and 
32  to  39  ounces  of  silver  per  ton,  and  consisted  of 

61*5  per  cent,  of  carbonate  ores. 

47         „         „      siliceous  and  clayey  argentiferous  ores  free  from  iron. 
1*5      „         „      iron  ores  containing  lead  and  silver. 

limestone  and  haematite  are  added  to  the  ore  charge  to  the 
extent  of  32  and  3*1  per  cent,  respectively,  and  50  tons  of  charge  are 
smelted  in  24  hours  with  a  consumption  of  18  per  cent,  of  coke,  the 
work-lead  produced  containing  about  300  ounces  of  silver  per  ton. 

At  Freiberg,  silver  and  lead  ores  are  smelted  together  by  the 
roasting  and  reduction  process,  the  methods  being  described  in 
detail  on  page  494.  The  lead  ores  are  galenas  containing  on  an 
average  40  per  cent,  of  lead  and  0*15  per  cent,  of  silver,  the  amount 
of  silver  in  the  ores  to  be  leaded  ranging  from  0005  up  to  several 
per  cent.  These  ores  consist  of  silver  ores  proper  ("  Diirrerzen  '*), 
argentiferous  copper  ores  with  from  1  to  10  per  cent,  of  copper, 
argentiferous  zinc  blendes  with  less  than  25  per  cent,  of  zinc,  and 
argentiferous  mispickel  and  pyrites.  Argentiferous  zinc  blendes  with 
more  than  25  per  cent,  of  zinc  are  first  distilled  to  obtain  the  zinc, 
and  the  residue  is  added  to  the  smelting  operation.  A  portion  of  these 
ores  is  either  distilled  in  order  to  obtain  arsenic  and  arsenical  com- 
pounds, or  roasted  for  the  manufacture  of  sulphuric  acid.  The  residue 
from  this  together  with  the  other  raw  ores  and  galena  is  then  roasted 
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in  a  long-bedded  calciner  {Fortschaufelungsofm),  certain  residues 
containing  lead  and  silver,  and  flue-dust  with  less  than  25  per  cent,  oi 
arsenic  being  added  at  the  same  time.  The  charge  for  roasting  is  so 
constituted  as  to  contain  20  to  30  per  cent,  of  lead,  20  per  cent,  of 
sulphur,  20  to  25  per -cent,  of  silica,  and  not  more  than  10  per  cent, 
of  zinc,  the  silver  content  varying  from  001  to  001 5  per  cent.  This 
roasting,  the  material  being  finally  melted,  brings  the  sulphur  content 
down  to  3  to  5  per  cent.,  this  amount  of  sulphur  serving  to  convert 
the  copper  present  into  matte  in  the  subsequent  smelting.  Some 
twelve  tons  of  ore  are  roasted  in  24  hours  with  a  consumption  of  25 
per  cent,  of  coal. 

The  roasted  mass  is  then  smelted  in  Pilz  furnaces  together  with 
an  equal  weight  of  slag  from  a  previous  operation,  and  in  this  way  a 
work-lead  with  0*6  to  1  per  cent,  of  silver  is  produced,  together  with 
lead  matte  with  15  to  20  per  cent,  of  lead,  8  to  14  per  cent,  of  copper, 
and  0'14  to  0*2  percent,  of  silver,  which  matte  is  subsequently  smelted 
for  copper  matte  and  work-lead. 

At  the  works  at  St.  Andreasberg,  in  the  Upper  Harz,  imported 
silver  ores  with  10  per  cent,  of  silver  are  smelted  together  with 
argentiferous  lead  ores  which  have  been  roasted  in  a  reverberatory 
furnace,  litharge,  and  old  hearths,  the  combined  roasting  and  reduction 
and  iron-reduction  processes  being  employed.  Formerly,  ores  with 
less  than  1  per  cent,  of  silver  were  roasted  together  with  the  galena, 
whilst  ores  with  more  than  1  per  cent,  were  added  to  the  charge  in 
the  raw  state.  At  present  the  charge  contains 0*63  percent,  of  silver. 
The  smelting  operation  is  carried  on  in  Raschette  furnaces  such  as 
those  described  under  lead  smelting,  in  old  furnaces  of  trapezoidal 
section,  and  in  circular  furnaces  with  boshes,  basic  fluxes  (roasted 
matte,  slag  from  matte  smelting,  burnt  pyrites,  basic  iron  slags,  lime- 
stone) and  slags  from  a  previous  operation  being  used. 

The  ore  charge  is  so  constituted  that  the  work-lead  produced  con- 
tains about  2  per  cent,  of  silver,  the  matte  containing  0*5  to  0*8  per 
cent,  of  silver,  10  to  15  per  cent,  of  lead,  and  7  to  15  per  cent,  of 
copper,  whilst  the  slag  produced  lies  between  a  mono-  and  bi-silicate 
and  contains  2  to  5  per  cent,  of  lead  and  0008  to  002  per  cent,  of 
silver. 

The  matte  is  roasted  in  kilns  (11  to  14^  feet  high,  4  feet  6  inches 
long,  and  4  feet  deep)  and  is  put  back  into  the  lead  smelting  opera- 
tion until  the  amount  of  copper  in  it  reaches  16  per  cent.,  when  it  is 
worked  up  by  itself  for  this  metal.  It  is  first  roasted  in  kilns  and  then 
smelted  with  litharge  and  slag  from  the  ore  smelting,  producing  a 
work-lead  with  0*5  per  cent,  of  silver  and  a  matte  with  01  percent,  of 
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silver,  10  per  cent,  of  lead,  and  25  per  cent,  of  copper.  The  matte  is 
then  roasted  in  kilns  and  re-smelted  without  any  addition  of  litharge, 
the  matte  obtained  in  this  way  containing  35  to  40  per  cent,  of  copper. 
This  is  treated  at  the  copper  works,  where  it  yields  black  copper  with 
025  to  0*35  per  cent,  of  silver. 

The  slags  are  smelted  with  a  certain  amount  of  matte  yielding 
work-lead  with  04  to  05  per  cent,  of  silver,  matte  with  01  per  cent,  of 
silver,  9  per  cent,  of  lead,  10  to  20  per  cent,  of  copper,  and  a  clean  slag 
containing  0*5  per  cent,  of  lead  and  0001  to  0*002  per  cent,  of  silver. 
This  work-lead  serves  as  the  bath  into  which  the  rich  silver  ores 
are  put.  The  matte  is  roasted,  and  added  again  to  the  slag  smelting 
until  it  is  comparatively  poor  in  lead  and  rich  in  copper,  when  it  is 
worked  up  for  the  latter  metal. 

Ab  Schemnitz,  in  Hungary,  auriferous  silver  ores  are  worked  up 
together  with  lead  ores.  The  lump  silver  ores  contain  the  silver 
chiefly  as  sulphide  (silver  glance,  Ag2S),  and  they  contain  30  to  97  per 
cent,  of  silica,  up  to  20  per  cent,  of  alumina,  and  up  to  30  per  cent  of 
calcium  carbonate,  together  with  from  0*05  to  2  per  cent,  of  manganese 
oxide  and  carbonate.  The  average  amount  of  auriferous  silver  is 
0*15  per  cent.,  and  the  amount  of  gold  in  the  silver  varies  from  0*3  to 
12  per  cent.  The  silver  ores  in  the  state  of  slimes  contain  0  06  to  1 
per  cent,  of  silver  and  the  silver  1*0  to  40  per  cent,  of  gold. 

The  lead  ore  used  for  leading  is  quartzose  galena  containing 
cupriferous  pyrites  and  pyrites  with  an  average  lead  content  of  45 
per  cent,  and  0*5  to  10  per  cent,  of  copper ;  the  copper  content  being 
the  greater,  the  poorer  the  ores  are  in  lead.  The  lead  ore  slimes 
contain  002  to  008  per  cent,  of  silver,  and  in  this  silver  there  is  0*014 
to  0*28  per  cent,  of  gold.  The  pyritic  fine  ores  are  first  roasted 
in  a  Mal6tra-Bode  furnace  down  to  about  5  per  cent,  of  sulphur, 
then  in  a  long-bedded  calciner  {Fortsch/nifelungsofm)^  66  feet  long 
and  16  feet  wide,  the  roasted  ore  being  fused  at  the  end  of  the 
operation.  The  charge  is  adjusted  so  as  to  contain  10  per  cent  of 
lead,  20  per  cent,  of  sulphur,  and  200  parts  of  lead  for  every  one 
part  of  silver.  So  much  iron  is  added,  in  the  shape  of  pyritic  gold 
and  silver  ores,  burnt  pyrites,  and  brown  haematite,  that  the  fused 
mass  is  practically  a  monosilicate.  Every  24  hours,  12  to  13  tons 
of  charge  are  roasted,  with  a  consumption  of  353  cubic  feet  of  wood 
for  10  tons  of  roasted  ore.  Four  workmen  are  required  in  each 
shift,  and  the  product  is  an  iron-lead  monosilicate  with  2*5  per  cent 
of  sulphur,  30  per  cent,  of  silica,  30  per  cent,  of  iron,  and  at  least 
10  per  cent,  of  lead  containing  more  than  5  per  cent,  of  auriferous 
silver. 
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The  roasted  ores  are  smelted  in  Pilz  furnaces  with  Arents's 
automatic  taps  and  eight  tuyeres,  each  12  inches  in  diameter,  worked 
with  a  blast  pressure  of  half  an  inch  of  mercury.  The  modem  furnaces 
are  4  feet  in  diameter  at  the  tuyere  level  and  5  feet  at  the  throat,  the 
distance  between  tuyere  level  and  throat  being  11  feet  6  inches.  In 
the  year  1886  the  charge  consisted  of  9  cwts.  of  roasted  ore,  66  lbs.  of 
furnace  products  containing  lead,  and  2  to  4  cwts.  of  slag  from  a 
previous  operation ;  in  1893  it  was  composed  of  8|^  cwts.  of  roasted 
material,  22  lbs.  of  rich  ores,  44  lbs.  of  roasted  matte,  44  lbs.  of  raw 
matte,  22  lbs.  litharge,  22  lbs.  scums,  44  lbs.  ironstone,  22  lbs.  scrap 
iron,  3^  cwts.  slag,  and  22  lbs.  of  old  hearths ;  and  in  1899  of  10  cwts. 
of  slags,  2|  cwts.  of  raw  and  roasted  matte,  44  lbs.  of  litharge,  and  22 
to  44  lbs.  of  liquation  residues,  the  whole  charge  being  13  cwts.  Fifty 
to  55  charges  are  worked  off  in  24  hours  at  a  blast  pressure  of  0*3  to 
0'4  inch  of  mercury;  1  cwt.  of  coke  is  used  per  12 J  cwts.  of  charge. 
The  products  of  the  smelting  operation  are  work-lead  with  30  per  cent. 
of  silver,  matte  with  10  per  cent,  of  lead,  25  per  cent,  of  copper,  and  7 
to  8  per  cent,  of  silver,  and  slag  with  1*6  per  cent,  of  lead  and  0*2  per 
cent,  of  silver.  The  matte  is  treated  for  argentiferous  copper  matte, 
and  work-lead  containing  0*5  per  cent,  of  silver.  The  matte  is  worked 
for  black  copper  which  is  refined  at  the  works  in  Neusohl. 

At  the  smelting  works  at  Colorado,  which  have  already  been  de- 
scribed under  the  heading  of  Lead,  silver  ores  proper  are  smelted 
together  with  lead  ores  partly  by  the  roasting  and  reduction  process 
and  partly  without  any  previous  roasting. 

At  the  works  of  the  Consolidated  Kansas  City  Smelting  and 
Refining  Company  at  El  Paso,  in  the  State  of  Texas,  silver  ores  firom 
Tombstone,  Arizona,  are  smelted  together  with  carbonates  fi:om  Sierra 
Mojada  in  Mexico  (see  page  524). 

At  Altenau,  in  the  Upper  Harz,  cupriferous  silver  ores  with  less 
than  2  per  cent,  of  silver  are  smelted  in  a  Raschette  furnace  together 
with  roasted  lead  ores  producing  work-lead  and  matte.  The  matte  is 
treated  for  work-lead  and  argentiferous  coarse  copper. 

At  the  Rothenbach  works  near  MUsen,  in  the  district  of  Siegen, 
roasted  argentiferous  copper  pyrites,  fahlores,  and  roasted  galena 
were  smelted  in  blast  furnaces  for  work-lead  and  argentiferous  and 
cupriferous  lead  matte.  Formerly,  6  parts  of-  fahlore,  10  of  lead 
ore,  10  of  ore  slag,  and  a  little  iron  finery  slag  (or  in  default  of 
lead  ores  3  parts  of  litharge  to  every  10  of  fahlore)  were  smelted 
together  and  the  cupriferous  lead  matte  obtained  was  leaded  in 
order  to  desilverise  it,  and  lastly  it  was  worked  up  for  black  copper. 
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THE  PRODUCTION   OF   WORK-LEAD   FROM  POOR  SILVER  ORES 

If  the  poor  ores  contain  lead  they  are  treated  similarly  to  the  ores 
with  moderate  percentages  of  silver.  If,  however,  they  are  free  from 
lead  and  very  poor  in  silver,  they  are  not  leaded  direct,  but,  with 
the  object  of  enriching  them,  they  are  smelted  with  materials  con- 
taining sulphur  so  as  to  yield  a  coarse  matte.  This,  consisting  chiefly 
of  sulphide  of  iron,  is  capable  of  dissolving  silver.  In  very  rare  cases 
the  coarse  matte  before  being  leaded  undergoes  a  roasting  and  second 
smelting  with  the  object  of  increasing  its  silver  content  (Kongsberg, 
in  Norway). 

If  the  silver  ores  contain  pyrites,  they  are  either  smelted  direct 
or  after  roasting  if  the  pyrites  is  present  in  excess,  pyrites  being  added 
if  the  ores  are  deficient  in  sulphur. 

The  smelting  for  coarse  matte  is  mainly  conducted  in  blast  furnaces 
and  only  rarely  in  reverberatory  furnaces,  and  in  the  smelting  opera- 
tion the  foreign  metallic  oxides  and  earthy  matters  are  fluxed  and 
the  silver  is  collected  together  into  the  matte.  The  materials  in  the 
charge  are  so  proportioned  that  the  matte  shall  not  contain  more  than 
0"3  per  cent,  of  silver,  otherwise  too  much  silver  finds  its  way  into  the 
slag,  which  in  any  case  contains  some  mechanically  entangled  matte. 
The  leading  of  the  matte  is  then  proceeded  with  in  the  ordinary 
way,  and  will  be  further  described  when  treating  of  the  leading  of 
argentiferous  mattes. 

The  working  up  of  argentiferous  ores  for  coarse  matte  in  this  way 
is  carried  on  at  Kongsberg  in  Norway,  at  Femezely  near  Nagybanya 
in  Hungary,  at  Zalathna  in  Transylvania,  and  at  the  Gavrilov  smelting 
works  in  the  Altai. 

At  Kongsberg,^  silver  ores  with  003  per  cent,  of  native  silver  with 
a  gangue  of  quartz  and  calcium  carbonate  are  smelted  in  blast 
furnaces  15  feet  high.  Pyrites  and  magnetic  pyrites  containing  some 
copper  are  added  to  the  charge,  iron  finery  slag  is  used  as  a  flux,  and  coke 
and  charcoal  as  fuel,  the  product  being  a  matte  with  an  average 
silver  content  of  0'18  to  03  per  cent,  and  a  clean  slag  containing  O^OOS 
to  0006  per  cent,  of  silver.  The  matte  which  is  run  off  into  a 
tapping  pot,  where  it  solidifies  and  is  taken  out  as  a  cake,  is  not  at 
once  leaded,  but  first  undergoes  a  process  of  concentration.  For 
this  purpose  it  is  broken  into  pieces  the  size  of  nubs  and  then  roasted 
four  times  in  stalls,  after  which  it  is  smelted  for  fine  matte  with  rich 
ores  containing  1  per  cent,  of  silver  and  argentiferous  flue-dust,  the 
enriched  matte  being  then  leaded  as  subsequently  described. 

1  Percy,  Silver  and  Gold,  i.  1880,  p.  607.     KerFs  MetaUhiUtenkunde,  p.  259. 
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At  Femezely  and  Strimbul,  in  Hungary,  gold  and  silver  ores  are 
smelted  in  blast  furnaces  for  coarse  matte  which  is  afterwards  leaded. 
At  the  Fernezely  works  the  ores  are  "  dry  ores "  (J)urrei^e)y  lump 
pyrites  and  pyritic  fines.  The  dry  ores  are  free  from  lead  and 
pyrites,  and  contain  their  silver  in  the  form  of  pyrargyrite,  and  the 
^old  either  free  or  as  a  gold-silver  alloy.  The  percentage  of  silver  is 
about  0*125  and  the  silver  produced  contains  4  to  8  per  cent,  of  gold. 
The  lump  pyrites  contains  the  silver  as  prousbite  and  the  gold  in  the 
free  state,  the  silver  percentage  varying  from  003  to  012  and  the  silver 
carrying  10  per  cent,  of  gold.  The  pyritic  fines  are  richest  in  gold ; 
they  contain  0*2  to  0*14  per  cent,  of  auriferous  silver  containing  20  per 
cent,  of  gold.  The  pyrites  is  roasted  before  smelting,  and  at  the  time 
of  the  author's  visit  the  richest  fines  were  roasted  in  Bode's  shelf 
furnaces,  the  bulk  of  the  fines  as  well  as  the  lump  pyrites  being  still 
roasted  in  heaps,  though  it  was  intended  to  use  the  shelf  furnaces 
for  the  whole  of  the  ores. 

The  ores  undergo  only  one  roasting  in  heaps,  the  heaps  consisting 
of  three  layers  of  a  mixture  of  lump  ore  and  fines,  which  are  arranged 
alternately  with  layers  of  wood  and  charcoal,  the  heaps  containing 
from  120  to  240  tons  of  ore.  For  every  10  tons  of  ore  405  cubic  feet 
of  wood  and  176  cubic  feet  of  charcoal  are  used. 

The  roasted  ores  are  smelted  for  coarse  matte  in  blast  furnaces  of 
circular  section  26  feet  high,  having  a  diameter  of  5  feet  8  inches  at 
the  throat  and  5  feet  2  inches  at  the  tuyeres,  of  which  there  are  four. 
The  charge  consists  of  90  parts  of  roasted  pyrites,  5  parts  of  dry  ores, 
and  12  to  13  parts  of  limestone,  charcoal  being  used  for  fuel.  The 
blast  is  supplied  under  a  pressure  of  1  inch  of  mercury  and  3  tons  of 
charge  are  worked  in  24  hours,  840  cubic  feet  of  charcoal  being  used 
for  every  10  tons  of  charge. 

The  yield  of  matte  is  33  per  cent,  of  the  weight  of  the  ores  and 
this  contains  90  per  cent,  of  the  auriferous  silver  originally  present  in 
the  ore,  the  remaining  10  per  cent,  being  found  in  the  slag,  which  is 
a  monosilicate  and  is  chiefly  used  up  in  the  smelting  for  the  leading 
of  the  matte. 

At  the  Zalathna  works  in  Transylvania  at  the  time  of  the  author's 
visit  in  1887,  auriferous  and  argentiferous  pyrites  with  a  highly 
siliceous  gangue  were  being  worked.  The  gold  was  almost  all  present 
in  the  free  state  and  only  a  small  portion  wfiis  combined  with  tellurium, 
and  the  silver  was  partly  present  as  sulphide  and  partly  alloyed  with 
the  gold. 

The  pyritic  fines  which  formed  92  per  cent,  of  the  ores  delivered 
at  the   works  were    classed    as  poor,  medium,  and  rich  fines,  the 
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poor  varieties  containing  0*01  to  0029  per  cent,  of  auriferous 
silver,  the  medium  003  to  005  per  cent.,  and  the  rich  over  005  per 
cent. 

The  richest  ores,  which  were,  however,  only  procurable  in  small 
quantities,  were  the  tellurium  ores,  of  which  there  were  two  varieties, 
one  with  1*5  to  5  per  cent,  of  auriferous  silver,  and  ores  of  the  second 
class  with  0*2  to  1  per  cent. 

The  fines  were  still  submitted  in  part  to  an  imperfect  single 
roasting  in  heaps,  and  in  part  were  roasted  in  Bode's  shelf  furnaces. 
The  heaps  were  made  up  of  200  to  250  tons  of  ore  and  burnt  for  4 
or  5  months,  10  tons  of  ore  requiring  166*5  cubic  feet  of  wood. 

The  shelf  furnaces  (Mal^tra  furnaces)  possessed  5  or  7  shelves,  and 
1  cwt.  of  fines  was  placed  on  each  shelf,  16  cwts.  of  fines  with  36 
per  cent,  of  sulphur  being  roasted  in  24  hours  down  to  6  per  cent,  of 
sulphur.  The  gases  from  the  roasters  were  partly  utilised  for 
sulphuric  acid  making,  and  partly  for  conversion  into  sulphur  with 
the  aid  of  sulphuretted  hydrogen. 

The  average  composition  of  the  roasted  fines  was  as  follows  : — 

Sulphur  .     .     6'28  per  cent.     Silver  .     .     0012    per  cent 
Iron     .     .     .  56-45         „  Gold    .     .     00044 

Manganese  .1*73         „  Calcium   .     0024 

Copper"!  Aluminium  2*25 

Zinc     J  ^^^^  Silicon     .  1990 

Oxygen    .  1815 

The  ore  was  then  smelted  in  circular  blast  furnaces  23  feet  high,  pro- 
vided with  wells  or  sumps  and  having  a  diameter  of  39  inches  at  the 
throat  and  of  35J  inches  at  the  tuyere  level. 

The  fines  which  have  undergone  heap  roasting  are  sintered 
together  in  the  process,  and  do  not  require  any  binding  material,  but 
the  fines  roasted  in  the  shelf  furnace  must  be  agglomerated  by  means 
of  milk  of  lime  before  smelting. 

For  fluxing  the  iron,  acid  slags  were  added  and  quartzose  ores  if 
available.  The  richest  gold  ores  were  added  to  the  smelting  process 
without  previous  roasting,  and  the  average  composition  of  the  charge 
to  be  smelted  was  as  follows  in  1886  : — 

30  to  33  per  cent,  roasted  fines  from  the  shelf  furnace 
11         „  „  „  heap  roasting 

8         „        unroasted  rich  fines 
14         „        poor  ores  and  roasted  matte 
30  to  33        y,        slags  from  a  previous  operation  or  from  the 

leading  process. 
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Charcoal  was  used  as  the  fiiel  with  blast  at  a  pressure  of  ^  to  yV 
of  an  inch  of  mercury,  7  tons  of  charge,  equivalent  to  4*54  tons  of  ore, 
being  worked  in  24  hours  with  a  consumption  of  7  3  cubic  feet  of 
charcoal  for  every  2  cwts.  of  ore. 

From  100  part-s  of  roasted  ore,  48  parts  of  coarse  matte  of  the 
following  average  composition  were  obtained : — 


Iron     .     . 

.     .  65-86 

Silver     .     . 

.     .     0028 

Calcium    . 

.     .     004 

Gold       .     . 

.     .     0011 

Zinc     .     .     . 

.  traces 

Sulphur     . 

.     .  28-54 

Lead    .     . 

.     .     4-23 

Slag .     .     . 

.     .     1-29 

The  slags  lay  between  mono-  and  bi-silicates  and  were  composed 
as  follows : — 

Silica 41*6       Magnesia     ....  0*24 

Ferrous  oxide   .     .  49-95     Alumina      ....  3*42 

Manganous  oxide  .     0*82     Sulphur       .     .     .     .  102 

Lime 2-66     Silver 00007 

Gold        00001 

The  process  for  the  leading  of  the  matte  will  be  subsequently 
considered  (see  page  613). 

At  the  Qavrilov  works  in  the  Altai,  Tomsk,^  situated  200  versts 
north-east  of  Barnaul,  ores  are  worked  containing  0027  to  003  per 
cent,  of  silver  and  0*5  per  cent,  of  lead.  The  ores  are  smelted  in  blast 
furnaces  to  a  coarse  matte  which  is  desilverised  by  treatment  with 
molten  lead  in  hearths.  The  ores  have  a  gangue  of  quartz,  heavy 
spar,  oxide  of  iron,  and  a  little  lime  and  magnesia,  and  contain  some 
iron  pyrites.  They  are  divided  into  ochreous  quartzose  ores  with  from 
42  to  75  per  cent,  of  silica,  22  to  40  per  cent,  of  heavy  spar,  5  to  15 
per  cent,  of  ferric  oxide  and  alumina,  and  3  to  5  per  cent,  of  lime  and 
magnesia,  into  ochreous  sparry  ores  with  10  to  29  per  cent,  of  silica,  5 
to  7  per  cent,  of  lime  and  magnesia,  52  to  85  per  cent,  of  heavy  spar, 
3  to  17  per  cent,  of  oxide  of  iron  and  alumina,  and  into  sparry 
pyritic  ores  with  6  to  35  per  cent,  of  silica,  47  to  84  per  cent,  of  heavy 
spar,  and  4  to  17  per  cent,  of  metallic  sulphides  (pyrites). 

The  ores  are  smelted  with  coke  in  two-  and  three-tuyered  blast 
furnaces,  yielding  a  coarse  matte  which  is  remarkable  for  its  high 
percentage  of  barium  sulphide  (up  to  40  per  cent.).  The  heavy  spar 
in  the  ore  partly  reacts  with  the  silica  forming  sulphur  trioxide  and 
barium  silicate,  and  it  is  partly  reduced  to  sulphide  and  passes  into 

^  JoBBa  and  Kumakoff,  Die  Blei-  SUber  und  KupferhiiitenprozeAse  im  Altai.  Berg- 
und  ffiUtenm.  Ztg.  1886,  Nob.  16,  17,  18,  19. 
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the  matte.  In  consequence  of  their  high  specific  gravity,  owing  to 
the  barium  they  contain,  the  slags  will  not  easily  separate  from  the 
matte,  so  that  if  the  charge  be  at  all  wrongly  composed,  mixtures  of 
matte  and  slag  are  obtained  which  must  be  again  added  to  the 
ore  smelting  process.  The  best  composition  for  the  charge  is  as 
follows : — 


Quartzose  ochreous  ores 

Sparry  pyritic  ores      \ 
Sparry  ochreous  ores  J 


25  to  30  per  cent. 
75  to  80 


100  parts 


Desilverised  raw  matte     .... 

Iron  ores 

Lime 

Slag  from  matte  desilverising   .     . 

Impure   slag   from    ore    smelting 

(mixtures  of  matte  and  slag)     . 


10  to  12  per  cent. 
3 


5 
5 

25 


>» 


i> 


» 


» 


In  normal  working,  coarse  matte  is  obtained  with  014  to  0*17  per 
cent,  of  silver,  and  the  composition  of  the  matte  which,  owing  to  its 
barium  content  is  unique,  is  as  follows : — 


I. 

II. 

III. 

Sulphur 

24-29 
35-33 
20-38 
6-66 
2-73 
0-21 
0-47 
0-89 
1  43 

27-74 
35-62 
24-97 
610 
1-66 
0-51 
0-62 
0-44 
0-41 

25-70 

39-66 

20-42 

6^ 

2-54 

traces 

traces 

1-61 

1-62 

Barium 

Iron 

CJopper 

Zinc ... 

Lead  .    .        

Aluminium 

Calcium 

Magnesium 

The   slag  is  very  acid  and  approximates  closely  to  a  trisilicate, 
having  the  following  composition : — 


Silica.    .    .    . 
Barium  oxide 
Sulphur     . 
Ferrous  oxide 
Alumina    . 
Lime      .    .    . 
Magnesia  .    . 


45  502 
41  856 
1-773 
7  394 
3-650 
2-02 
0-623 


II. 


44-978 
40-868 
2  035 
6-180 
3-382 
2-742 
0-722 


III. 


44-30 
44-42 
1-37 
3  38 
3-42 
3-21 
1-98 
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The  entire  process  is  imperfect ;  the  working  of  the  matte  is 
described  further  on. 

A  similar  method  of  working  siliceous  ores  is  in  use  at  Pavlov's 
works  50  versts  west  of  Barnaul,  with  this  difference  that  the  ores  are 
roasted  in  heaps  before  smelting,  and  the  matte  produced  is  desilverised 
by  means  of  a  bath  of  molten  lead. 

At  the  Selby  works  in  California,  gold-  and  silver-bearing  pyrites 
are  first  roasted  in  Propp  furnaces,  then  smelted  in  reverberatories, 
fed  with  petroleum,  35  feet  long  and  16  to  18  feet  wide  in  the  clear. 
Chrome-iron  ore  forms  the  bed.  The  quantity  put  through  is  60  to 
70  tons  per  day,  and  the  yield  of  matte  75  to  8  per  cent,  of  the  ore.^ 


II.   THE   PRODUCTION   OF  WORK-LEAD   FROM   METALLURGICAL 

BYE -PRODUCTS 

Matte,  speiss,  alloys,  and  similar  metallurgical  products  are  leaded 
for  the  purpose  of  extracting  the  silver  they  contain. 


The  Leading  of  Mattes 

Argentiferous  mattes  are  produced  during  the  leading  of  silver 
ores,  in  the  smelting  of  argentiferous  lead  and  copper  ores,  and  as 
shown  above  they  are  produced  during  the  smelting  of  poor  silver  ores 
for  the  purpose  of  enriching  them  in  silver  before  they  are  leaded. 

The  leading  of  argentiferous  mattes  is  effected  either  by  (1)  intro- 
ducing the  matte  into  a  bath  of  molten  lead  or  (2)  by  smelting  the 
matte  in  blast  furnaces  with  materials  rich  in  lead,  such  as  litharge, 
old  hearths,  lead  carbonate,  or  roasted  galena. 

(1)  Leading  in  a  bath  of  molten  lead  {Eintrdnken  or  "  lead-soak- 
ing "  process).  This  process  has  for  its  object  the  decomposition  of  the 
silver  sulphide  in  the  matte  by  means  of  metallic  lead,  the  separated 
silver  alloying  with  the  excess  of  lead.  As,  however,  silver  sulphide 
is  not  completely  decomposed  by  lead,  the  matte  cannot  be  completely 
desilverised  by  a  single  operation.  By  bringing  the  matte  and  lead 
into  as  intimate  contact  as  possible,  and  by  repeating  the  process 
several  times,  the  greater  part  of  the  silver  can,  however,  be  extracted 
from  the  matte.  This  process  yields  as  a  rule  a  less  complete  ex- 
traction of  the  silver  than  the  method  of  smelting  the  matte  with 
plumbiferous  materials,  and  it  is  therefore  only  occasionally  employed 

1  The  Mineral  Industry,  18»9,  345. 
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and  only  in  conjunction  with  the  process  of  leading  the  matte  in  blast 
furnaces. 

The  matte  is  either  run  directly  from  the  blast  furnace  in  its 
molten  condition  into  a  lead  bath,  or  else  the  matte  is  melted  in  a 
hearth,  and  lead  is  added  to  it,  when  it  melts  and  sinks  through  it,  or 
the  molten  matte  is  allowed  to  rise  through  a  column  of  molten  lead,  or 
lastly,  the  lead  is  melted  in  a  reverberatory  furnace,  and  the  matte  to 
be  desilverised  is  added  to  the  metallic  bath  in  a  powdered  condition, 
and  does  not  reach  the  fusing  point. 

The  first  method  is  in  use  at  Kongsberg  in  Norway,  the  second  at 
the  Gavrilov  and  Pavlov  works  in  the  Altai.  The  third  method  has 
been  tried  experimentally  at  Lohe  near  Siegen,  and  the  last  method, 
the  so-called  Crooke  process,  is  in  use  at  Pueblo,  Colorado. 

At  Kongsberg  in  Norway,  the  concentrated  matte,  the  composition 
of  which  has  already  been  given,  is  allowed  to  flow  from  the  blast 
furnace  into  a  tapping  hearth,  where  lead  is  added  to  it  in  the 
proportion  of  3  parts  of  lead  to  every  10  parts  of  matte. 

As  soon  as  the  lead  is  melted,  the  fluid  mass  is  intimately  mixed 
by  stirring  with  an  iron  rod.  The  matte  and  lead  are  then  allowed 
to  separate,  which  they  do  by  reason  of  their  different  specific  gravities, 
and  the  matte  is  lifted  off  after  cooling.  The  matte  now  contains  0*75 
to  1  per  cent,  of  silver  and  the  lead  5  per  cent.,  and  the  desilverising  is 
the  more  perfect  the  higher  the  temperature  of  the  matte  when  the 
lead  is  introduced.  The  partially  desilverised  matte  is  smelted  with 
additions  of  plumbiferous  material  in  blast  furnaces  in  order  to 
further  desilverise  it. 

The  second  method  was  employed  at  the  Gavrilov  and  Pavlov 
works  in  the  Altai  Mountains.  The  coarse  matte,  the  composition  of 
which  has  already  been  given,  is  melted  in  a  hearth  heated  by  coal  and 
worked  with  a  blast  of  air,  the  hearth  bed  consisting  of  a  mixture  of 
clay  and  charcoal  dust.  When  melted,  the  slag  is  raked  off"  the  surfiwie 
of  the  bath,  which  is  then  covered  with  charcoal,  and  upon  this  the  lead 
for  desilverising  is  put  in  the  form  of  small  bars.  These  bars  melt 
and  the  molten  lead  falls  through  the  molten  matte  to  the  bottom  of 
the  hearth,  carrying  with  it  the  greater  part  of  the  silver  contents  of 
the  matte.  In  order  to  ensure  a  thorough  mixture  of  the  lead  and 
matte,  a  pole  of  green  wood  is  thrust  to  the  bottom  of  the  hearth  and 
allowed  to  remain  there  for  about  three  minutes,  the  commotion 
caused  by  the  evolved  gases  ensuring  intimate  admixture  of  the  lead 
and  matte.  After  the  wood  is  withdrawn  the  lead  settles  down  to 
the  bottom  of  the  hearth  and  is  run  out  through  a  tap  hole  which  is 
closed  as  soon  as  matte  begins  to  issue  from  it. 
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The  matte  is  treated  four  times  in  this  way  with  lead.  The  lead 
from  the  first  operation  is  cupelled,  whilst  the  lead  from  the  suc- 
ceeding three  operations  is  used  over  again  for  desilverising.  By 
these  operations  the  silver  content  of  the  matte  is  reduced  from  6 
solotnik  per  pood  to  1  to  1*5  solotniks  (1  pood  =  36  lbs.  avdps.  =  3,840 
solotniks).  The  desilverised  matte  and  the  slags  are  added  to  the  ore 
smelting  charge.  The  lead  loss  is  returned  as  16  parts  of  lead  for 
every  unit  of  silver  obtained,  and  the  loss  of  silver  amounts  to  6  per 
cent,  of  the  silver  content  of  the  matte.  A  hearth  yields  150  to  160 
poods  of  work-lead  in  24  hours,  and  the  concentrated  work-lead  contains 
0*32  per  cent,  of  silver. 

The  third  method,  or  the  hydrostatic  process,  which  consists  in 
allowing  the  molten  matte  to  pass  up  through  a  column  of  molten 
lead  has  not  proved  a  success,  as  the  matte  is  not  completely  desil- 
verised, and  it  is  moreover  costly,  as  it  necessitates  the  use  of  a  special 
furnace  for  melting  the  matte.  Menzler,  in  his  trial  of  this  method  at 
the  Lohe  works  in  Siegen,  used  a  low  blast  furnace  {KrummofefiC) 
with  a  deep  well  in  the  forehearth,  the  forehearth  being  divided  into  two 
portions  by  a  partition  wall  of  firebrick  reaching  nearly  to  the  bottom.. 
Molten  lead  was  run  into  the  well,  and  the  molten  matte  flowing  out 
of  the  furnace  forced  the  lead  into  one  of  the  divisions  of  the  well, 
and  then  the  matte  forced  its  way  up  through  the  column  of  molten 
lead  and  formed  a  layer  on  its  surface.  According  to  Karsten,^  not 
more  than  five-sevenths  of  the  silver  content  of  the  matte  can  be 
obtained  in  this  manner. 

The  method  of  desilverising  matte  by  throwing  it  in  a  powdered 
condition  into  a  lead  bath  was  in  use  at  the  time  of  the  author's  visit 
(1892)  at  the  Pueblo  Smelting  and  Refining  Company  in  Colorado. 
It  has  since  been  given  up. 

The  lead,  in  quantities  of  25  tons,  was  melted  in  a  reverber- 
atory  fiimace  similar  to  that  used  in  refining.  Crushed  copper  matte 
was  then  strewn  on  the  surface  of  the  molten  metal  and  allowed  to 
remain  for  an  hour.  It  is  essential  to  success  that  the  metal  bath  be 
fiiirly  cool,  so  that  the  matte  shall  not  fuse,  otherwise  the  lead  abstracts 
copper  from  the  matte,  and  a  part  of  the  silver  passes  back  into  the 
fluid  matte.  The  bath  is  kept  cool  by  iron  bars,  fastened  to  the  bottom 
of  the  bath,  so  that  the  matte  does  not  melt  but  at  the  most  reaches 
the  softening  point. 

In  the  first  treatment  of  the  matte,  75  to  80  per  cent,  of  its  silver 
content  is  obtained  in  the  lead,  and  a  further  treatment  is  necessary 
to  obtain  the  rest  of  the  silver.     Formerly  the  matte  underwent  four 

^  System  der  Metallurgie,  part  5,  p.  521. 
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successive  operations,  but  in  1892  a  second  operation  was  found  to  be 
sufficient.  The  plant  consists  of  four  terraced  reverberatory  furnaces 
lying  at  different  levels,  and  each  holding  25  tons  of  lead,  the  lead 
flowing  from  the  upper  to  the  lower  one,  and  the  matte,  in  charges  of 
1 J  tons,  travelling  in  the  opposite  direction. 

Into  the  top  reverberatory  furnace,  poor  lead  or  lead  free  from  silver 
is  put,  whilst  the  enriched  lead  containing  also  2  to  3  per  cent,  of  copper 
is  tapped  out  of  the  lowest  furnace.  The  fresh  copper  matte  is  brought 
into  the  lead  in  the  lowest  furnace,  whilst  the  partially  desilverised 
matte  is  put  on  to  the  fresh  lead  in  the  top  furnace,  and  leaves  it  almost 
free  from  silver  but  containing  some  lead.  The  process  lasts  1 J  hours  in 
each  furnace,  and  according  to  the  manager's  statement  the  desilverised 
matte  contains  less  than  one  ounce  of  silver  per  ton.  The  desilverised 
matte  is  then  worked  up  for  refined  copper.  It  is  first  smelted  in 
blast  furnaces  to  free  it  fix)m  mechanically-entangled  lead  which 
solidifies  below  the  matte,  the  lead  content  of  which  is  thus  reduced 
to  15  per  cent.  The  matte  is  then  roasted,  first  in  a  long-bedded  calciner 
and  then  at  a  higher  temperature  in  a  reverberatory  ftimace  worked 
with  an  air-blast  (O'Harra-Brown  furnace,  see  copper,  p.  78),  the 
lead  contents  being  converted  in  this  way  into  oxide  and  sulphate, 
the  matte  not  being  melted  in  the  process.  The  roasted  matte  is 
then  smelted  in  an  English  reverberatory  furnace,  together  with 
quartz,  for  black  copper,  the  lead  oxide  and  sulphate  being  con- 
verted into  a  silicate  slag  by  the  quartz,  this  slag  being  added  to 
the  lead  ore  smelting  charge,  and  the  black  or  blister  copper,  contain- 
ing about  99  per  cent,  of  the  metal,  being  lastly  refined  in  an  English 
reverberatory  furnace. 

This  process  is  fairly  complicated,so  that  its  economic  success  seems 
doubtful,  and  the  author  was  not  made  acquainted  with  the  results 
obtained. 

Smelting  of  Matte  with  Materials  containing  Lead, — By  smelting 
matte  with  materials  containing  lead,  such  as  lead  ores  or  plumbi- 
ferous  metallurgical  products,  the  lead  is  reduced  and  alloys  with 
the  silver  of  the  matte.  The  matte  cannot  however  be  completely 
desilverised  by  a  single  operation.  In  addition  to  work-lead  a  matte 
poor  in  silver  is  produced,  which  is,  as  a  rule,  roasted  and  then 
smelted  again  with  plumbiferous  material;  and  by  a  repetition  of  this 
process  the  matte  can  be  deprived  of  most  of  its  silver,  provided  it  be 
not  too  rich  in  copper.  Smelting  with  lead  products  from  the  cupella- 
tion  process,  such  as  litharge  and  old  hearths,  is  particularly  favourable 
to  a  good  extraction  of  the  silver.  Cupriferous  mattes  must  be  re- 
peatedly treated  in  the  €^bove  way  in  order  to  extr^t  their  silver,  and 
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it  is  consequently  better,  as  a  rule,  to  treat  such  mattes  by  a  wet 
process  or  electrolytically.  Mattes  containing  both  copper  and  lead 
are  treated  as  in  the  leading  of  cupriferous  silver  ores  and  in  the 
smelting  of  argentiferous  copper  ores  containing  lead,  the  object  being 
to  separate  the  lead  they  contain  by  one  or  several  roastings  and  smelt- 
ings,  the  copper  matte  which  is  obtained  being  then  either  worked  up 
by  wet  processes,  as  at  Freiberg,  or  else  smelted  in  the  dry  way  for 
blister  copper,  the  silver  contents  of  this  being  subsequently  extracted 
either  in  the  wet  way  or  by  electrolytic  processes. 

The  leading  of  mattes  in  this  way  is  performed  at  Femezely, 
Kapnik  and  Strimbul,  in  Hungary  ;  at  Zalathna,  in  Transylvania  ;  at 
the  Rothenbacher  works,  near  Miisen  ;  and  at  the  works  in  the  Upper 
Harz,  and  at  Freiberg. 

At  the  Femezely  works,  in  the  mountain  district  of  Nagybanya,  in 
Hungary,  the  following  method  was  adopted  at  the  time  of  the  author  s 
visit. 

The  coarse  matte  was  twice  roasted  in  heaps  and  then  smelted,  to- 
gether with  roasted  lead  ores  and  rich  quartzose  roasted  ores.  The 
roasting  of  the  lead  ores  was  conducted  in  a  long-bedded  calciner 
with  a  single  hearth  62  feet  long  and  8  feet  3  inches  broad.  The 
smelting  was  conducted  in  a  furnace  exactly  similar  to  those  in  use 
for  ore  smelting,  the  charge  being  composed  as  follows  : 

62  parts  of  roasted  lead  ores 
30  „  ,       „  matte 

8  „   rich  quartzose  ores. 

The  additions  of  the  materials  containing  lead  were  so  arranged" 
that  for  every  part  of  auriferous  silver  in  the  charge  200  to  260  parts 
of  lead  in  the  form  of  litharge  or  old  cupellation  hearths  were  added. 
Charcoal  served  as  fuel  and  reducing  agent,  the  blast  pressure  was 
^  to  5^  of  an  inch  of  mercury,  and  every  12  hours  two  tons  of  charge 
were  worked  off,  735  cubic  feet  of  charcoal  being  used  for  every  ten 
tons  worked.  The  products  were  work-lead  with  0*3  to  0*7  per  cent,  of 
silver,  and  a  matte  with  0*08  per  cent,  of  silver,  1 0  to  1 2  per  cent,  of  lead, 
and  1  per  cent,  of  copper,  80  per  cent,  of  the  lead  in  the  charge  being 
obtained  in  the  form  of  work-lead,  the  rest  being  in  the  matte  and 
the  slag.  The  matte  produced  amounted  from  15  to  16  per  cent  of 
the  charge.  The  matte  was  thfen  twice  roasted  and  smelted  with 
plumbiferous  materials  in  order  to  extract  what  silver  it  contained, 
and  to  enrich  it  in  copper.  The  smelting  was  conducted  in  a  blast 
furnace  with  sump  19  ft.  6  in.  high,  3  ft.  10  in.  diameter  at  the 
throat,  and  3  ft.  8  in.  at  the  tuyere  level,  air  at  a  pressure  of  y^„  to  {\ 
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of  an  inch  of  mercury  being  used.  The  charge  was  made  up  as 
follows : — 

88  parts  of  roasted  matte 

9       „        quartz  or  <juartzose  ores 

3       „        liquation  residues 
20       „        lead-bearing  additions  (litharge,  hearths,  residues  from 

the  zinc  desilverising  process,  and  Abstrich) 

5       „        limestone, 

the  amounts  being  so  proportioned  that  600  units  of  lead  were  present 
for  every  unit  of  auriferous  "silver,  and  1*8  to  1*9  tons  of  charge  were 
worked  off  in  12  hours  with  a  consumption  of  156  cubic  feet  of  charcoal 
for  every  10  tons  of  ore.  The  products  were  rich  lead  with  0*2  to  0*29 
per  cent,  of  auriferous  silver,  and  a  second  matte  ("  zweiter  VerhUiungs- 
stein ")  containing  0*04  to  005  per  cent,  of  silver,  5  to  6  per  cent,  of 
lead,  and  5  to  6  per  cent,  of  copper,  the  slag  produced  being  added 
to  the  first  ore  smelting  charge. 

This  second  matte  is  then  leaded  or  desilverised  again,  being 
twice  roasted  and  then  smelted  in  similar  furnaces  to  those  employed 
in  the  preceding  operation,  600  parts  of  lead  being  present  in  the 
charge  for  every  one  part  of  silver.  Copper  ores  are  also  added  to 
the  extent  of  three  per  cent.,  with  the  object  of  producing  a  richer 
copper  matte,  and  1*2  to  1*3  tons  of  charge  are  smelted  in  twelve 
hours,  the  blast  pressure  being  0*47  to  0*62  inch  of  mercury,  and  805 
to  840  cubic  feet  of  charcoal  being  required  for  every  10  tons  of 
matte. 

The  products  are  work-lead  with  15  per  cent,  of  silver  and  a 
"  first  desilverising  matte  "  {Erster  Entsilberungsstein)  with  0*018 
to  0*02  per  cent,  of  auriferous  silver,  4  per  cent,  of  lead,  and  16  to 
17  per  cent  of  copper.  The  slag  produced  is  thrown  away.  The  matte 
is  then  submitted  to  still  another  leading  operation,  being  twice 
roasted  and  then  smelted  as  before,  but  this  time  1,500  to  1,600 
parts  of  lead  are  present  in  the  charge  for  every-  unit  of  auri- 
ferous silver.  In  twelve  hours  1  to  1*2  tons  of  charge  are  smelted, 
with  a  consuniption  of  875  cubic  feet  of  charcoal  for  each  10 
tons,  and  the  products  are  work-lead  with  0*05  to  0*08  per  cent, 
of  silver  and  copper  matte,  with  30  to  40  per  cent,  of  copper 
and  2  to  3  per  cent,  of  lead.  This  matte  is  then  roasted  and  smelted, 
producing  black  copper  with  0*008  to  0*01  per  cent,  of  silver,  which  is 
afterwards  refined. 

At  the  works  at  Eapnik  the  matte  containing  0*04  to  0*05  percent. 
of  auriferous  silver  and  12  per  cent,  of  lead,  in  addition  to  a  small 


SILVER  613 

amount  of  copper,  is  roasted  three  times  and  then  smelted  in  blast 
furnaces  with  quartzose  silver  ores  and  lead-containing  materials 
(litharge,  old  hearths,  liquation  residues,  and  residues  from  the  zinc 
desilverising  process),  the  amount  being  so  adjusted  that  500  parts  of 
lead  are  present  for  each  part  of  silver.  The  products  are  work-lead 
with  0*15  to  0*17  per  cent,  of  auriferous  silver,  and  matte  with  0*04 
per  cent,  of  silver.  The  matte  is  roasted  three  times,  and  smelted  as 
before,  750  parts  of  lead  being  present  in  the  charge  for  one  of  silver, 
and  the  matte  obtained  again  undergoes  the  same  operations, 
1,350  parts  of  lead  being  now  added  in  the  smelting  process  for  each 
unit  of  silver.  In  this  way  work-lead  and  matte  are  produced,  and 
the  latter  is  then  worked  up  for  blister  copper,  which  is  refined  at 
Felsobanya. 

At  the  works  at  Zalathna,  in  Transylvania,  a  portion  of  the  matte 
is  freed  as  far  as  possible  from  iron  sulphide  by  treatment  with  dilute 
sulphuric  acid  before  being  leaded,  another  portion  being  roasted 
four  times  in  heaps  before  the  leading  operation.  The  portion  to 
be  treated  with  sulphuric  acid  is  first  broken  up  with  a  rock  crusher, 
and  then  powdered  in  a  ball-mill.  The  sulphuric  acid  employed  has 
a  strength  of  only  22*  Beaum^.  Square  leaden  tanks,  three  feet  long 
and  broad  and  four  feet  high,  are  used  for  the  treatment  with  sulphuric 
acid,  and  they  are  provided  with  copper  exit  pipes.  Each  tank  is 
surrounded  with  a  wooden  jacket,  and  into  the  space  between  the 
jacket  and  the  tank  steam  at  half  an  atmosphere  pressure  is  admitted 
so  as  to  hasten  the  reaction.  Two  leaden  pipes  with  hydraulic  lutes 
pass  through  the  cover  and  dip  into  the  liquid,  and  they  serve  for  the 
introduction  of  the  powdered  matte.  The  sulphuretted  hydrogen 
produced  is  passed  into  a  precipitating  tower,  where  sulphiur  is  obtained 
from  it  by  the  action  of  sulphurous  acid.^ 

The  powdered  matte  is  introduced  into  the  tank  in  quantities  of  2 
to  3^  lbs.  until  the  entire  charge  of  3  cwts.  has  been  added,  this 
requiring  12  hours.  At  the  conclusion  of  this  time  the  mass  is 
stirred  for  6  hours  and  then  allowed  a  further  period  of  6  hours  for 
settling,  after  which  the  liquid  and  the  matte  are  withdrawn  through 
separate  openings.  The  entire  operation  from  the  introduction  of  the 
charge  lasts  30  hours,  about  4  cwts.  of  matte  being  passed  through 
the  set  of  6  tanks  every  12  hours.  Each  cwt.  of  matte  requires 
about  a  cwt  and  a  half  of  sulphuric  acid  of  50*  B.,  and  every  100 
parts  of  matte  leave  34  parts  by  weight  of  residue. 

The  sulphuric  acid  decomposes  part  of  the  iron  sulphide  in  the 

>  Schnabel,    *<  Mittheiluogen    fiber    osterreichisch-ungarische     Metallhiltten," 
Mittist,'ZeiUchr,  fur  das  Berg',  Hutten-,  uiui  Scdinenwtsen,  XXX VL 
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matte,  ferrous  sulphate  going  into  solution  and  sulphuretted  hydrogen 
being'evolved.  Copper  sulphide  is  not  attacked  by  the  dilute  acid  and 
remains  behind,  together  with  the  precious  metals,  in  the  residue 
which  is  deprived  of  the  greater  part  of  its  water  by  passing  through 
a  filter  tank. 

By  this  treatment  the  iron  sulphide  in  the  matte  can  only  be 
reduced  to  a  certain  extent  and  the  residue  contains  considerable 
quantities  of  basic  salts  which  are  only  imperfectly  removed  by  wash- 
ing and  which  interfere  with  the  subsequent  operation  of  leading. 

The  residue  has  the  following  composition : — 


Iron .    .     . 

.    .    42-57 

ArRenic    .     .     . 

.  traces 

Copper .     . 

.     .      2-75 

Sulphur  .     .     , 

,     .     8-85 

Lead     .     . 

.    .      604 

Sulphuric  acid  . 

,     .  30-04 

Silver   .     . 

.    .      0101 

Oxygen     .     . 

.     .     6-0 

Gold     .    . 

.     .      0038 

Slag     .     .     . 

.     .     4-20 

This  process  of  treating  the  matte  before  leading  can  only  be 
carried  on  in  exceptional  cases,  as  for  instance  where  sulphuric  acid  is 
cheap  and  where  sulphur  and  ferrous  sulphate  both  command  high 
prices. 

The  residue  from  the  extraction,  together  with  the  matte  which 
has  been  roasted  in  heaps,  is  smelted  in  blast  furnaces  with  materials 
rich  in  lead.  Owing  to  the  large  percentage  of  sulphur  in  the  matte, 
the  formation  of  a  fresh  matte  in  the  smelting  operation  cannot  be 
avoided,  and  this  retains  a  certain  quantity  of  the  precious  metals. 
The  charge  also  contains  rich  raw  ores,  and  a  proportionately  large 
amount  of  roasted  pyritic  fines.  The  latter,  which  still  contain  6 
per  cent,  of  sulphur,  are  requisite  for  the  success  of  the  smelting 
operation,  which  could  not  be  carried  on  with  the  matte  residues 
alone  on  account  of  the  large  amount  of  basic  salts  that  they  contain. 

The  materials  for  furnishing  the  requisite  lead  are  litharge  and 
old  cupellation  hearths,  the  amount  being  so  adjusted  that  240 
parts  of  lead  are  present  for  every  unit  of  auriferous  silver  that 
has  to  be  leaded.  In  the  year  1887  the  charge  was  made  up  as 
follows : — 

32  parts  of  slag 

23  „     roasted  pyrites 

6  to  7  „     raw  quartzose  telluride  ores 
raw  rich  pyrites 
matte  residues 
heap  roasted  matte 
materials  containing  lead. 


5*4 
9 
7 
10 


» 


» 
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The  blast  furnaces  used  are  about  20  feet  high,  of  circular  section, 
39  inches  diameter  at  the  throat,  and  35^  inches  at  the  tuyere  level ; 
they  are  arranged  as  sump  furnaces,  have  two  tuyeres,  and  are  worked 
with  a  blast  pressure  of  f  of  an  inch  of  mercury.  In  twenty-four 
hours  1*95  tons  of  charge  are  worked  oflf  in  addition  to  a  ton  of  slag, 
7  cubic  feet  of  charcoal  being  burnt  for  every  cwt.  of  charge.  The 
products  consists  of: — 

5*88  per  cent,  of  work-lead 
2557        „      „     matte 
68-55        „      „     slag 

and  the  work-lead  has  the  following  composition : — 

Lead        99*346  Silver         0*326 

Antimony  0018  Gold^  0*310 

Copper      traces  Iron  traces 

The  matte  contains : — 

Iron      66*33  Gold  0*005 

Copper  1*18  Sulphur  25-98 

Lead      5*65  Slag  0*78 

Silver     0*071 

The  silver  is  taken  up  by  the  matte  to  a  considerably  greater  extent 
than  the  gold.  In  the  first  matte  from  ore  smelting  the  amount  of 
gcid  is  only  about  half  that  of  the  silver,  whilst  in  the  matte  from 
the  leading  operation  it  does  not  amount  to  the  tenth  part  of  the 
silver  content.     The  composition  of  the  slag  is : — 

SiUca  36*65  Alumina      1*30 

Ferrous  oxide      48*10  Lead  oxide  5*22 

Manganous  oxide  1*75  Sulphur       0*54 

lime  6*44  Silver  0*0024 

Gold  0*0004 

It  lies  between  a  mono-  and  a  bi-silicate. 

The  matte  from  the  leading  operation  is  treated  with  dilute 
sulphuric  acid  in  the  same  way  as  matte  from  the  ore  smelting,  and  the 
residue  is  leaded  in  the  same  way  as  the  residue  from  the  first  matte 
extraction.  In  this  second  leading,  a  matte  considerably  richer  in 
copper  is  produced,  which  is  treated  just  as  before,  and  when  its 
copper  content  attains  to  30  per  cent,  it  is  sent  to  the  copper 
works. 

The  insoluble  residue  in  recent  operations  amounts  to  3'33  per 
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cent,   of  the   weight  of  ore,  or   10   per  cent,   of  the  matte.     It 

contains ; — 

Iron         19  Silver        0-86 

Lead       16  Gold  015 

Copper      7-4         Sulphur  222 

It  is  smelted,  without  previous  washing,  with  roasted  argentiferous 
pyrites  and  lead  ores,  the  products  being  work-lead  and  copper 
matte.  The  matte  is  sold  to  the  copper  works,  and  the  work-lead  is 
cupelled.^ 

At  the  Rothenbacher  works,  at  MUsen,  near  Siegen,  the  mattes 
are  leaded  in  the  following  way  : — 

The  cupriferous  lead  matte  from  the  smelting  of  lead  ore  and  fisdil- 
ore  is  twice  roasted  in  heaps  and  then  smelted  in  blast  furnaces, 
yielding  a  work-lead  with  0*34  to  0*40  per  cent,  of  silver,  and  a  second 
lead  matte  with  20  to  25  per  cent,  of  lead,  15  per  cent,  of  copper, 
and  018  per  cent,  of  silver.  This  second  matte  is  twice  roasted  in 
heaps  and  again  smelted  in  a  blast  furnace,  yielding  a  third  lead 
matte  with  18  to  20  per  cent,  of  lead,  30  to  40  per  cent,  of  copper, 
and  0'17  per  cent,  of  silver,  and  a  work-lead  with  0*35  to  0*40  per  cent, 
of  silver.  The  third  matte  again  undergoes  the  same  series  of  opera- 
tions, yielding  work-lead  with  0*35  per  cent,  of  silver  and  a  fourth  lead 
matte  or  copper  matte  with  10  to  12  per  cent,  of  lead,  45  to  55  per 
cent,  of  copper,  and  0*17  per  cent,  of  silver.  The  copper  matte  is 
smelted  three  times  in  a  blast  furnace  with  litharge  and  old  cupellation 
hearths,  and  the  thrice  desilverised  matte  is  now  roasted  and  again 
smelted  with  litharge  and  old  hearths.  In  this  way  a  work-lead  with 
0*14  to  0'15  per  cent,  of  silver,  and  lastly,  a  copper  matte  vrith  0*01 
per  cent,  of  silver  are  obtained,  the  latter  being  worked  up  for  blister 
copper  and  refined  copper. 

The  methods  used  in  working  the  mattes  at  Freiberg  and  in  the 
Upper  Harz  have  already  been  described  under  the  roasting  and 
reduction  process  and  the  iron-reduction  process  of  lead  smelting 
respectively. 

Dedlverising  Mattes  by  means  of  Lead  and  Copper  Conjointly 
("  Kupferaujldsungsschmelzen  und  Abdarrprozess  ") 

Under  this  head  come  the  above  two  old  processes  for  desilverising 
argentiferous  mattes,  neither  of  which  is  now  in  use.  In  both 
methods  the  desilverising  is  not  effected  by  lead  alone,  but  partly 
with  the  aid  of  copper. 

>  Farbaky,  Berg-  und  Hmenm,  Ztg,  1894,  117. 
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In  the  first,  or  "copper-dissolving  and  smelting"  process,  the  roasted 
argentiferous  copper  matte,  is  smelted  together  with  black  copper  and 
litharge  in  blast  furnaces.  The  copper  is  converted  into  matte,  taking 
the  place  of  part  of  the  silver  which  is. taken  up  by  the  lead  formed 
by  the  reduction  of  the  litharge.  The  products  are  work-lead  and 
plumbiferous  copper  matte,  and  the  latter  is  smelted  in  the  raw  state 
with  the  addition  of  slags  containing  lead  and  with  metallic  iron  in 
blast  furnaces,  yielding  copper  matte,  which  is  further  desilverised 
with  lead  and  then  worked  up  for  copper.  This  process  was  formerly 
in  use  at  Femezely  in  Hungary.^ 

In  the  "  drying-up  "  process  (Abdarrprozess)  the  copper-lead  matte 
from  the  smelting  of  copper  and  silver  ores  is  smelted  in  low  blast 
furnaces  {Kirummd/en),  together  with  black  copper  or  residues  from  the 
liquation  furnace  and  lead  ores  or  materials  rich  in  lead.  The 
products  are  an  argentiferous  copper-lead  alloy  (liquation  cakes)  and 
a  matte  poor  in  silver.  The  latter  is  treated  again  in  a  similar  way 
and  the  alloy  is  liquated,  giving  work-lead  and  liquation  residues 
(Kienstocke)  of  copper  containing  a  good  deal  of  lead.  The  residues  are 
used  instead  of  black  copper  in  the  first  operation  for  desilverising  a 
further  quantity  of  matte.  By  repeating  these  operations  several 
times,  work-lead  containing  most  of  the  silver  and  desilverised  copper 
are  obtained. 

This  process,  which  is  only  applicable  to  argentiferous  copper 
mattes  or  to  argentiferous  copper  ores,  is  a  combination  of  the  liqua- 
tion process  with  the  leading  and  smelting  operation.  It  furnishes 
a  more  complete  desilverisation  than  the  liquation  process,  and  yields 
also  a  purer  copper,  but  it  is  both  complicated  and  costly. 

Both  the  above  processes  have  only  been  used  in  Hungary  and  in 
the  Tyrol,  and  both  of  them  have  long  since  been  abandoned  on 
account  of  their  costliness  and  tediousness. 

b.  Prodtcdion  of  Work-Lead  from  Speiss, 

Argentiferous  speiss  can  be  desilverised  either  by  mixing  it  with 
molten  lead  or  by  smelting  it  with  materials  rich  in  that  metal.  It 
must  be  thoroughly  roasted  before  leading  in  order  to  free  it  as  far 
as  possible  from  arsenic  and  antimony. 

The  products  are  work-lead  and  a  speiss  poorer  in  silver.  In  order 
to  transfer  the  copper  content  and  a  portion  of  the  silver  into  a  matte, 
pyrites  is  added  in  the  smelting  operation,  and  in  order  to  concen- 
trate the  nickel  and  cobalt  the  speiss  is  repeatedly  smelted,  after 
previously  roasting  each  time,  with  pyrites  or  copper  matte. 

^  Karsten,  System  der  MetcUlurgie,  vol.  5,  p.  563. 
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Davies  ^  treats  the  molten  speiss  in  quantities  of  half  a  ton  with 
20  to  25  per  cent,  of  lead  in  a  converter  of  iron  plate  lined  with  fire 
brick,  having  the  form  of  a  horizontal  cylinder.  Air  at  a  pressure  of 
17  ounces  is  forced  through  the  mass  for  three  or  four  minutes  by  a 
pipe  {  of  an  inch  in  diameter,  in  order  to  bring  the  lead  into  intimate 
contact  with  the  speiss  and  to  volatilise  a  portion  of  the  arsenic  of 
the  latter.  The  converter  is  then  tipped,  the  molten  contents  run- 
ning out  into  a  slag  pob ;  the  desilverised  speiss  which  floats  on  the 
lead  is  removed  in  crusts  from  its  surface,  and  the  lead  run  off  after- 
wards. This  process  is  said  to  have  given  &vourable  results  at  the 
Eureka  Consolidated  works,  Nevada,  though  the  author  is  doubtful 
as  to  the  economical  success  of  the  process,  as  considerable  quantities 
of  lead  must  be  oxidised  by  the  blast  and  the  oxide  fluxed  by  the 
lining.  The  leading  of  a  speiss  is  an  imperfect  operation  which  has 
generally  been  replaced  by  wet  methods  of  desilvensing. 

e.  The  Desilverisation  of  Alloys  hy  means  of  Lead. 

The  only  alloys  which  are  desilverised  in  this  way  are  those  of 
copper  and  silver,  which  form  argentiferous  black  copper  or  blister 
copper. 

The  leading  of  these  copper-silver  alloys  can  either  be  carried 
out  by  means  of  a  bath  of  molten  lead  or  by  liquation. 

The  first  process  is  a  very  imperfect  one  and  has  been  entirely 
superseded  by  wet  methods  of  desilvensing.  Argentiferous  copper 
coins  have  been  desilverised  in  the  lead  bath  of  the  cupellation  furnace, 
but  copper  goes  into  the  litharge  and  has  to  be  recovered  bom  it  by 
reduction,  whilst  the  method  is  attended  with  a  large  loss  of  copper 
and  silver,  and  is  no  longer  used. 

The  liquation  method  is  also  an  antiquated  process,  which  was, 
however,  formerly  in  very  general  use  for  extracting  silver  from 
copper-silver  alloys  and  it  will  fof  that  reason  now  be  described  in 
detail. 

The  LiqiMtion  Process  for  Desilverising  Copper-silver  Alloys 

When  argentiferous  copper  is  melted  together  with  lead,  a  lead- 
copper-silver  alloy  is  produced.  If  the  lead  in  this  alloy  bears  a 
proper  proportion  to  the  amount  of  copper  present,  it  is  possible  by 
heating  the  solid  alloy  to  a  certain  temperature  to  obtain  the  greater 
portion  of  the  silver  alloyed  with  lead  flowing  away  in  the  liquid 
state,  leaving  the  copper  behind  in  the  solid  residue.     A  portion  of 

• '  Enginttring  and  Mining  JounwU,  June  90,  188S. 
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the  silver  and  of  the  lead  are  left  in  the  copper,  and  some  copper  finds 
its  way  into  the  lead-silver  alloy. 

By  again  heating  the  alloy  in  presence  of  air,  the  greater  part  of 
the  silver  remaining  behind  can  be  obtained  in  combination  with  lead, 
lead  oxide  and  cuprous  oxide. 

This  is  the  basis  of  the  liquation  process  which  was  formerly  in 
very  general  use,  but  which  ia  not  worked  now  at  all  on  account  of 
certain  drawbacks  inherent  to  it.  These  disadvantages  are  the  large 
losses  of  lead,  silver  (21  per  cent.)  and  of  copper  taking  place  in  the 
process,  and  the  expense  due  to  the  number  of  operations  which  the 
bye-products  have  to  undergo. 

The  various  operations  were  as  follows : — 

1.  The  production  of  the  lead-copper-silver  alloy  or  the  "  Frischen" 
which  was  effected  by  melting  the  argentiferous  copper  with  lead 
in  a  blast  furnace. 

2.  The  separation  of  this  alloy  into  argentiferous  lead  and  a  copper- 
lead-silver  alloy  poor  in  lead  and  silver.  This  was  the  liqtuition  pro- 
cess (Saigem),  and  consisted  in  the  liquation  of  the  argentiferous 
lead  from  the  alloy  in  a  liquation  hearth. 

3.  The  separation  of  the  remainder  of  the  lead  and  silver  from  the 
alloy  or  the  drying  (Darren)  process.  This  consisted  of  a  further 
liquation  of  the  argentiferous  lead  from  the  alloy,  and  an  oxidation  of 
the  copper  and  lead  by  heating  the  liquation  residue  in  a  fiimaee 
{drying  furnace)  in  an  oxidising  atmosphere. 

The  refining  of  the  residue  from  the  drying  operation,  and  the 
working  up  of  the  intermediate  products,  have  also  to  be  taken  into 
account. 


1.  The  "  Freshening  "  or  Leading  of  the  ArgerUifefi'ous  Copper 

The  copper  which  has  to  be  leade<i  should  be  either  in  small 
pieces,  obtained  by  breaking  up  the  cakes  of  copper  whilst  hot,  or  else 
granulated. 

Small  blast  furnaces  (Krummofen),  arranged  as  Spurdfen  where  the 
liquid  products  at  once  flow  out  of  the  furnace,  are  employed  for  this 
operation.  The  lead  is  added  either  in  the  metallic  state  or  in  the 
form  of  litharge,  which  is  reduced  to  metal  in  the  furnace.  Experience 
has  shown  that  not  more  than  eleven  parts  of  lead  should  be  combined 
with  three  of  copper,  as  otherwise  too  much  copper  goes  into  the  work- 
lead  in  the  liquation  ;  and  on  the  other  hand  there  must  be  not  less 
than  500  parts  of  lead  for  every  one  part  of  silver  present,  otherwise 
too  much  silver  is  left  behiiid  in  the  copper.     If  the  copper  is  so  poor 
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in  silver  that  the  addition  of  lead  in  the  requisite  proportion  disturbs 
the  proper  ratio  between  the  lead  and  copper,  then  liquated  work- 
lead  can  be  used  in  order  to  keep  these  proportions  constant.  If  the 
silver  content  of  the  copper  amounts  to  more  than  0*6  per  cent.,  the 
liquation  process  must  be  repeated,  and  in  this  way  a  poorer  argentifer- 
ous lead  is  obtained  which  can,  however,  be  used  for  desilverising  fresh 
quantities  of  copper. 

The  proportion  of  3  of  copper  to  11  of  lead  corresponds  nearly  to 
the  formula  CuPb,  which  would  require  3  :  9*8. 

Owing  to  the  necessity  of  maintaining  the  lesA  and  copper  in  these 
proportions,  only  so  much  lead  and  copper  are  melted  together  in  the 
furnace  at  one  time  as  are  required  to  form  a  single  liquation  cake 
3  to  3^  inches  thick. 

At  first,  a  mixture  of  fuel  and  some  slag  is  put  into  the  furnace, 
and  as  soon  as  the  molten  slag  appears,  sufficient  black  copper  for  the 
first  liquation  cake  is  added.  When  this  is  red  hot,  which  takes  four 
or  five  minutes,  the  previously  weighed  quantity  of  lead  is  added.  As 
soon  as  the  molten  alloy  produced  has  collected  in  the  forehearth, 
where  it  is  covered  with  slag,  a  further  weighed  amount  of  copper  is 
put  into  the  furnace  to  be  followed  by  a  further  weighed  quantity  of 
lead.  In  successful  work  a  fresh  liquation  cake  is  made  every  7  or  8 
minutes.  Slags  with  40  to  60  per  cent,  of  lead  and  3  to  5  per  cent. 
of  copper  are  obtained  in  addition. 

When  lithivrge  is  employed  instead  of  lead,  the  operation  must  be 
conducted  more  slowly  to  allow  of  the  reduction  of  the  litharge,  other- 
wise too  much  and  too  rich  a  slag  will  be  formed. 

2.  The  Liqiiation  Process 

This  operation  is  carried  out  in  absence  of  air,  as  otherwise  the 
lead  separating  in  the  fluid  state  from  the  alloy  would  be  converted 
into  litharge.  It  cannot  be  satisfactorily  performed  in  a  reverberatory 
furnace,  and  a  special  form  of  liquation  furnace  {Saigerheerd)  was 
consequently  devised. 

This  furnace,  shown  in  Fig.  411,  consists  of  two  brick  waUs  S, 
each  6  feet  long  and  2  feet  high,  sloping  towards  each  other,  and  a 
back  wall  b  with  a  short  vertical  chimney.  The  brick  walls  (Saiger- 
banke)  are  covered  on  their  sloping  tops  with  cast-iron  plates  c,  c 
(Saigerschwarten),  a  small  channel  {SaigerrUze)  remaining  between  the 
lower  edges  of  these  plates.  The  space  d  between  the  two  walls 
sloping  from  back  to  front  is  floored  either  with  masonry  or  with 
cast-iron  plates,  and  leads  into  a  trough  p  in  front. 
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The  cakes  or  discs  to  be  liquated  are  set  up  on  edge  on  the  plates 
e  at  a  short  distance  from  one  another,  6  to  8  discs  being  treated  at 
once.  The  space  between  the  discs  is  filled  with  charcoal,  and  charcoal 
is  heaped  over  the  discs,  and  iron  plates  with  vent  holes  are  then 
placed  round  the  charcoal. 

The  charcoal  is  ignited  by  means  of  a  wood  fire  made  in  the 
channel  between  the  two  walls,  and  as  a  result  of  the  heating,  which 
requires  very  careful  regulation,  the  lead-silver  alloy  drains  away  from 
the  cakes,  runs  through  the  space  between  the  two  plates,  and  flows 
down  the  channel  d  into  the  hearth  p,  leaving  behind  the  copper  as  a 
solid  residue. 

The  lead  is  known  as  liquated  lead  ("  Saigerhhi  "),  and  the  residue 
as  "  Kienstocke."    As  the  access  of  air  cannot  be  entirely  prevented,  a 


slag  containing  oxides  of  lead  and  copper  is  formed  which  is  known  as 
"  Saigerkraize,"  the  quantity  produced  depending  upon  the  tempera- 
ture. When  the  lead  ceases  to  flow  out,  the  liquation  is  finished, 
and  the  charcoal  is  raked  out  from  between  the  pieces  of  residue, 
which  are  then  cooled  by  sprinkling  water  over  them. 

The  liquated  lead  contains  2  to  3  per  cent,  of  copper,  whilst  the 
residue  contains  25  to  35  per  cent,  of  lead,  and  in  good  working  87  per 
cent,  of  the  lead  content  of  the  cakes  should  be  obtained  in  the 
liquated  lead,  13  per  cent,  being  left  behind  in  the  residua 

When  the  liquated  lead  is  sufficiently  rich  in  silver  it  is  cupelled, 
otherwise  it  is  used  again  in  the  process.  The  residue  is  submitted 
to  the  "  drying "  operation  in  order  to  further  deprive  it  of  lead 
and  copper,  whilst  the  Saigtrkriiize  are  either  added  to  the  leading 
operation  in  the  first  instance,  or  else  they  are  made  up  into  liquation 
cakes  with  other  bye- products  of  the  process. 
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3.   The  "  Drying  "  Proem  ("  Darren  ") 

This  is  an  extension  of  the  liquation  process,  and  aims  at  re- 
moving as  much  lead  and  silver  as  possible  from  the  residue. 

This  could  be  effected  by  prolonging  the  liquation  process,  but  as 
the  liquation  hearth  is  costly  to  work,  the  "drying"  process  is 
conducted  in  large  reverberatory  furnaces,  which  not  only  give  a 
better  return  than  the  hearths,  but  are  less  costly,  on  account  of  the 
cheaper  fuel  which  can  be  used. 

In  the  reverberatory  furnace  air  is  not  excluded,  and  consequently 
the  lead  is  obtained  mostly  as  oxide.  This  oxidation  would,  however, 
also  take  place  in  liquating  the  residues  in  hearths,  because  in  order 
to  liquate  the  residue  a  high  temperature  is  necessary. 

The  "  drying  "  furnace  is  a  reverberatory  having  several  parallel 
walls  in  the  heating  chamber  ['*  drying  benches "  (DaiTbdnke)],  and 
between  these  walls  are  channels  floored  either  with  brasque  or  else 
with  cast-iron  plates,  and  sloping  from  back  to  front  of  the  furnace. 
Each  channel  communicates  by  means  of  a  flue  at  the  back  with  the 
chimney,  and  the  furnace  is  either  fired  in  these  channels  or  else  by 
grates  placed  at  each  side  of  the  furnace.  The  front  of  the  heating 
chamber  is  closed  by  means  of  a  door  sliding  in  iron  grooves,  which 
can  readily  be  raised  or  lowered. 

The  Figs.  412  and  413  show  the  construction  of  such  a  drying 
furnace  provided  with  a  grate  at  each  side ;  p,p  are  the  two  fireplaces, 
b,  b  the  channels,  and  c  the  floor  of  the  channels  between  the  walls ; 
d,  d  is  the  sliding  door,  and  h,  h  are  the  flues. 

The  pieces  of  residue  to  be  liquated  are  laid  on  the  benches,  and 
the  whole  space  up  to  the  roof  of  the  chamber  is  filled  with  these 
pieces,  so  placed  as  not  to  prevent  the  circulation  of  the  hot  air  round 
them.  The  sliding  door  is  now  closed,  and  a  wood  fire,  gradually 
increasing  in  intensity,  is  started  on  the  grates  or  in  the  spaces 
between  the  walls.  At  first  lead  alone  flows  away,  but  soon  a  mixture 
of  cuprous  and  lead  oxides  ("  Darrrost  ")  drops  down  into  the  channels, 
where  it  solidifies,  and  from  which  it  is  raked  away. 

This  "  drying  "  process,  like  the  operation  of  liquation,  is  based 
upon  the  fact  that  lead,  having  a  lower  melting  point  than  copper, 
will  flow  away  from  the  surface  of  the  cakes  either  as  metal  or  as 
oxide.  The  lead  remaining,  according  to  Earsten,  then  equilibrates 
itself  with  the  whole  mass  of  the  remaining  copper,  until  the  equili- 
brium is  disturbed  by  more  lead  draining  away,  and  so  the  operation 
goes  on. 

The  "  Dcmrost "  contains  75  to  85  per  cent,  of  lead  oxide,  and  4  to 
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8  per  cent,  of  cuprous  oxide,  besides  variable  quantities  of  silica  aud 
alumina  from  the  masonry  of  the  floor  and  walls  of  the  furnace. 
The  residues  are  called  "  Darrlinge"  and  at  the  conclusion  of 
the    operation  (which  lasts  about  24  hours)  they  are  drawn   red- 


hot  from  the  furnace  and  thrown  into  a  well  or  sump  containing 
water. 

After  cooling,  the  rind  or  crust  which  hsia  not  already  broken  tn 
the  quick  cooling  is  broken  up  with  pointed  hammers.  This  crust 
is  a  mixture  of  argentiferous  lead  and  copper  gxides,  and  is  called 
"  Pickichiefer."  Both  the  Darrrost  and  the  Pickschie/er  are  smelted  in 
low  blast  furnaces  for  work-lead. 
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The  Dandinge  still  contain  on  an  average  15  per  cent  of  lead, 
and  are  refined,  the  greater  part  of  the  lead  volatilising  during  the 
operation. 

The  process  of  liquation  has,  on  account  of  the  losses  of  metal 
attendant  on  it  and  od  account  of  the  lengthy  operations  involved, 
been  generally  superseded  by  wet  processes  or  electrolytic  methods. 

d.  The  Production  of  Work-Lead  from  other  Metallwgiccd  Produ4:is 

• 

The  remaining  metallurgical  products,  which  are  desilverised  by 
converting  their  silver  content  into  a  lead-silver  alloy  or  work-lead, 
are:  cupriferous  and  argentiferous  scrapings  or  scums  (KrcUzefi, 
Schlicker),  rich  oxides  from  the  zinc  desilverising  process,  litharge 
rich  in  silver,  old  cupellation  hearths,  and  the  Abstriche  and  scums 
formed  in  refining  lead,  argentiferous  flue-dust,  slags  and  various 
argentiferous  bye-products  obtained  in  wet  or  electrolytic  processes, 
such  as  argentiferous  slimes  from  the  sulphuric  acid  liquors,  silver 
sulphide,  and  anode  slimes. 

All  of  these  intermediate  products,  with  the  exception  of  those 
which  are  rich  in  silver,  are  worked  up  with  argentiferous  lead 
ores  or  mattes,  or  with  silver  ores.  Those  which  are  rich  in  silver 
are  treated  directly  in  a  bath  of  molten  lead,  and  in  all  cases  the 
methods  of  working  are  precisely  similar  to  those  which  have  been 
previously  described. 

At  Altenau,  in  the  Upper  Harz,  anode  slimes  with  21  to  22  per 
cent,  of  silver,  got  from  the  electrolysis  of  argentiferous  copper,  are 
freed  from  liquor  by  filtration,  and  pressed  into  slabs.  These  are 
then  introduced  at  intervals  of  1^  to  2  hours  into  the  metal  bath 
in  the  cupellation  furnace :  12  to  14  cwts.  of  these  slimes  are  thus 
worked  up  in  a  single  cupellation. 

The  Concentration  of  the  Silver  in  Work-Lead 

The  concentration  of  silver  in  poor  silver-lead  is  effected  either 
by  a  partial  cupellation,  Pattinson's  process,  or  else  by  means  of  the 
zinc  process. 

Either  of  the  two  latter  methods  may  be  used  for  enriching  work- 
lead  before  cupellation.  In  both  these  methods  the  lead  is  obtained 
as  market  lead,  together  with  a  much  smaller  amount  of  a  rich 
silver-lead  alloy  or  a  silver-zinc-lead  alloy. 

As  to  whether  a  particular  silver-lead  alloy  can  be  economically 
cupelled  directly,  depends  upon  local  conditions  and  upon  the  price 
of  silver ;  but,  speaking  generally,  it  may  be  said  that  lead  containing 
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less  than  0*12  per  cent,  of  silver  cannot  be  economically  cupelled. 
Apart  from  special  cases  it  is  usually  advisable  to  enrich  even  richer 
silver-lead,  as  in  both  concentration  processes  market  lead  is  obtained 
directly,  whilst  by  cupellation  the  whole  of  the  lead  is  converted 
into  litharge,  the  reduction  of  which  is  attended  by  considerable  loss 
of  lead. 

The  Pattinson  process,  in  which  the  work-lead,  by  slow  cooling 
from  the  molten  state,  is  separated  into  crystals  poor  in  silver  and  a 
fluid  portion  rich  in  silver,  is  only  applicable  to  the  production  of  an 
alloy  containing,  at  the  most,  2J  per  cent,  of  silver. 

In  the  zinc  process  the  silver  is  separated  from  the  work-lead  in 
the  form  of  a  silver-zinc-lead  alloy,  the  lead  poor  in  silver  remaining 
behind.  The  triple  alloy  yields  after  separating  the  zinc  a  lead- 
silver  alloy,  which  may  attain  to  a  much  higher  silver  content  than 
the  rich  alloy  obtained  in  the  Pattinson  process. 

The  ^inc  process  produces  market  lead  in  a  much  shorter  time 
and  in  a  much  purer  condition  than  the  Pattinson  process,  gives  a 
more  thorough  extraction  of  the  silver,  and  yields  an  alloy  much 
richer  in  silver  than  the  latter  process,  besides  being  less  costly. 
Consequently  the  zinc  process  is  the  more  extensively  employed, 
Pattinson's  process  only  being  used  under  particular  local  conditions. 
This  rule  only  holds,  of  course,  as  long  as  the  price  of  zinc  remains 
within  reasonable  limits,  and  if  these  should  be  exceeded,  the  Pattin- 
son process  could  be  worked  at  an  advantage  as  compared  with  the 
other. 

The  Pattinson  Process 

This  method  of  desilverising  lead  is  based  on  the  observation  of 
Pattinson  in  1833,  that  if  molten  argentiferous  lead  be  slowly  cooled, 
the  portions  solidifying  first  are  crystalline,  and  much  poorer  in  silver 
than  the  still  liquid  portions.  If  the  liquid  richer  portion  be 
separated,  it  again  can  be  divided  into  a  poorer  solid  portion  and  a 
still  richer  liquid  alloy,  and  this  operation  can  be  repeated  until  the 
enriched  lead  contains  2*5  per  cent,  of  silver.  After  this  point  no 
further  separation  is  possible,  as  the  crystals  and  the  liquid  portion 
will  have  almost  the  same  silver  content. 

Similarly  the  solid  crystalline  portions  poorer  in  silver  may  be 
treated  again,  and  the  molten  metal  be  split  into  crystals  poorer  and 
a  fluid  portion  richer  in  silver,  until  by  repetition  of  the  operation 
lead  very  low  in  silver  is  produced  ;  for  economic  reasons  the  desilver- 
isation  of  the  lead  crystals  is  not  carried  below  O'OOl  per  cent,  of 
silver. 

VOL.  I  s  s 
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The  limiting  silver  content  at  which  work-lead  may  still  be 
desilverised  with  advantage  by  this  process  depends  upon  local 
conditions,  but  is  generally  taken  as  about  0*009  per  cent,  of 
silver. 

The  process  demands  a  pure  lead  and  the  careful  regulation  of  the 
temperature  of  the  metal.  Impurities  in  the  lead,  such. as  copper, 
nickel,  arsenic,  and  antimony,  hinder  the  separation  of  the  crystals  and 
the  mother  liquor,  and  thus  render  the  desilverising  imperfect :  copper 
distributes  itself  between  the  crystalline  and  the  fluid  portions ; 
arsenic  goes  chiefly  into  the  solid  crystalline  portions,  and  antimony 
and  nickel  into  the  liquid  alloy. 

Impure  lead  must  consequently  be  refined  before  being  submitted 
to  Pattinson's  process,  and,  if  the  percentage  of  copper  be  high,  must 
even  be  liquated  before  refining.  This  operation  has  already  been 
described  (see  Lead,  page  542). 

When  the  amount  of  copper  is  smaller  it  separates  on  the  sur&ce 
of  the  lead  when  melted,  in  the  form  of  a  lead-copper  alloy  or  scum. 
Small  quantities  of  a;rsenic  and  antimony  can  be  got  rid  of  by  poling 
as  they  pass  into  the  dross  produced. 

In  order  to  obtain  the  requisite  temperature,  considerable  quan- 
tities of  lead  must  be  melted,  as  otherwise  the  temperature  cannot 
be  perfectly  controlled.  At  too  high  a  temperature  no  crystals  are 
formed,  and,  if  the  temperature  falls  too  low,  it  is  impossible  to 
separate  the  crystals  fix)m  the  liquid.  From  10  to  20  tons  of  work- 
lead  are  accordingly  melted  at  one  time  in  cast-iron  vessels. 

In  actual  practice  there  are  two  sjrstems,  according  to  which  the 
crystals  are  separated  from  the  mother  liquor,  as  the  fluid  portion  is 
called.  In  the  system  of  thirds,  f  of  the  volume  of  the  molten  lead 
are  separated  as  crystals  and  ^  left  as  mother  liquor ;  whilst  in  the 
system  of  eighths,  ^  of  the  lead  are  separated  as  crystals  and  i  left 
as  mother  liquor. 

When  the  system  of  thirds  is  employed,  each  operation  prac- 
tically doubles  the  silver  percentage,  whereas  the  system  of  eighths 
trebles  it.  Consequently  the  first  method  is  used  for  lead  rich 
in  silver,,  and  the  latter,  the  system  of  eighths,  for  poor  silver- 
lead. 

Other  methods  are  also  used,  such  as  combinations  of  the  above 
two  systems,  and  the  system  of  thirds  with  intermediate  crystals.  In 
this  latter  system  the  contents  of  the  pot  are  divided  into  more  than 
two  portions,  usually  into  three,  viz.,  poor  crystals,  richer  intermediate 
crystals,  and  mother  liquor,  and  these  ^hree  portions  are  then  worked 
up  separatelv. 
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The  Pattinson  process  is  conducted  in  large  pots  of  cast-iron  or 
cast-steel.  The  crystals  are  separated  from  the  mother  liquor  either 
by  ladling  them  out  from  the  pot  or  else  by  tapping  ofiF  the  mother 
liquor  and  leaving  the  crystals  behind,  and  the  formation  and 
separation  of  the  crystals  is  promoted  either  by  stirring  the  cooling 
mass  or  by  blowing  steam  through  it. 

There  are  then  two  ways  of  conducting  the  operation  : — 

I.  Hand-pattinsonising,  where  the  crystals  are  ladled  out  and  the 
liquor  left  behind. 

II.  The  tapping  process,  steam-pattinsonising,  or  Rozan  process, 
where  the  fluid  portion  is  tapped  off,  leaving  the  crystals  behind. 

The  cost  of  the  first  process  is  higher  than  that  of  the  second,  and 
on  that  account  its  employment  at  the  present  day  is  exceptional. 

I.  The  Hand-Pattinsonising  Process 

This  method  is  carried  out  in  hemispherical  pots  of  cast-iron. 
They  are  generally  between  5  and  7  feet  in  diameter,  and  from  35  to 
37  inches  deep,  1 J  to  3  inches  thick  at  the  bottom,  and  1  to  2  inches 
at  the  top,  and  hold  10  to  15  tons  of  lead.  They  are  usually  supported 
by  means  of  a  projecting  ring  on  their  upper  outer  edges,  which  rests 
upon  an  iron  ring  supported  by  the  masonry  of  the  setting. 

The  arrangement  of  a  series  of  such  vessels,  each  holding  12*5 
tons  of  lead,  formerly  in  use  at  the  Lautenthal  works  in  the  Harz, 
for  hand-pattinsonising,  is  shown  in  Figs.  414  to  416  ;  K  K  are  the 
pots  and  A  A  the  fireplaces  of  each.  The  flame  from  the  coal  used 
as  fuel  strikes  the  bottom  of  the  pot  first,  passes  through  an  opening 
0  in  the  circular  brickwork  support  m,  into  the  annular  flue  v,  and 
passing  round  the  pot  reaches  the  flue  y  and  passes  through  it  and  z 
away  to  the  chimney. 

Up  to  as  many  as  24  pots  may  be  set  in  a  series  or  hattery, 
according  to  the  method  of  conducting  the  process. 

The  lead  is  first  melted  in  the  pot  and  any  scum  or  dross  (Schlicker) 
forming  on  the  surface  is  skimmed  off  and,  if  necessary,  a  further 
purification  by  poling  is  resorted  to.  When  the  lead  is  freed  from 
impurities  the  fire  in  the  grate  is  withdrawn  or  generally  transferred 
to  the  grate  of  the  adjoining  pot,  and  the  surface  of  the  molten  metal 
is  carefully  sprinkled  with  water.  In  consequence  of  the  slow  cooling 
which  ensues,  crusts  form  upon  the  surface  and  sides  of  the  bath  of 
metal,  and  these  are  thrust  down  and  mixed  up  with  the  rest  of  the 
metal  in  order  to  ensure  a  uniform  reduction  of  temperature.  As 
soon  as  the  surface  of  the  bath  becomes  uneven  and  the  metal  is 
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of  an   almost   semi-pasty  consistency,  crystallisation  is  sufficiently 
advanced  and  the  work  of  ladling  out  the  crystals  begins. 

This  is  effected  by  two  or  four  workmen  working  at  one  or  on  the 
two  opposite  sides  of  the  pot  with  perforated  ladles,  and  either  f  or  ^ 
of  the  contents  of  the  pot  are  removed  as  crystals,  according  to 
whether  the  thirds  or  eighths  system  of  working  is  in  use.  The 
volume  of  the  crystals  ladled  out  is  measured  by  means  of  a  right- 
angled  measure  laid  across  the  top  of  the  pot. 

The  enriched  third  or  eighth  of  the  original  lead  is  either  ladled 
out  of  the  pot  into  an  adjoining  one  in  the  system  of  thirds,  or  else, 
if  the  method  of  eighths  is  in  use,  it  is,  if  necessary,  cast  into 
moulds. 

The  crystals  obtained  in  this  way  are  small,  elongated  octahedra 
united  along  an  edge,  which,  as  they  only  grow  in  one  direction, 
appear  as  long,  four-sided  pyramids. 

To  the  crystals  which  have  been  ladled  over,  a  quantity  of  lead  of 
the  same  silver  content  is  now  added,  so  that  the  pot  again  contains 
its  normal  quantity;  that  is  to  say,  with  the  thirds  system,  ^  of  the 
normal  contents  of  the  pot  must  be  added,  and  |  with  the  eighths 
system.  To  the  mother  liquor  remaining  behind,  either  |  or  |  of  the 
volame  of  the  pot,  of  lead  of  the  same  silver  content  as  the  mother 
liquor,  must  be  added.  Then  in  most  cases  the  operation  of 
desilverising  is  repeated  just  as  in  the  case  of  the  pot  full  of  the 
original  lead. 

In  the  ordinary  working  of  the  thirds  system,  the  entire  quantity 
of  argentiferous  lead  is  in  the  pots,  of  which  there  may  be  15. 

If  lead  of  varying  percentages  of  silver  is  available,  then  it  is  easy 
to  keep  the  pots  full,  otherwise  the  battery  must  be  kept  at  its 
normal  point  by  crystallising  various  kinds  of  lead  until  alloys  of  lead 
and  silver  of  the  correct  percentage  are  obtained.  In  regular  working, 
lead  of  a  certain  silver  content  is  put  into  the  charging  pot,  and  at 
one  end  of  the  battery  poor  lead  is  obtained,  and  at  the  other  a  rich 
silver-lead  of  definite  composition. 

In  the  system  of  eighths,  from  2  to  6  pots  are  worked  together, 
but  the  process  does  not  go  on  uninteiTuptedly  as  in  the  thirds  system 
until  lead  of  the  requisite  silver  content  is  produced,  it  being  neces- 
sary  from  time  to  time  to  produce  the  requisite  material  of  proper 
silver  content  forming  the  so-called  "reserves."  If  the  requisite 
quantity  of  reserves  is  on  hand,  it  is  possible  to  continue  for  a 
time  working  for  rich  and  poor  lead,  when  the  production  of  reserves 
has  again  to  be  taken  in  hand. 

The  system  of  eighths,  though  requiring  fewer  pots  and  yielding 
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rich  lead  more  quickly  than  the  thirds  system,  still  has  the  disadvan- 
tage that  certain  portions  of  the  lead  obtained  by  the  various  meltings 
— viz.,  those  of  medium  silver  content — cannot  be  worked  up  at  once, 
but  must  wait  until  the  requisite  amount  to  fill  a  pot  has  been 
accumulated. 

In  order  to  illustrate  the  working  of  the  thirds  system  the  treat- 
ment of  Freiberg  '*  freshened*'  lead  with  0*02  per  cent,  of  silver  by 
means  of  the  hand-pattinsonising  process  will  now  be  considered,  a 
battery  of  14  pots  being  employed. 

It  is  assumed  that  lead  with  the  requisite  percentage  of  silver  is 
available  to  keep  the  pots  filled  to  their  working  level.  In  the 
diagram  the  number  3  signifies  a  pot  entirely  full,  equal  to  10  tons 
of  lead,  2  means  that  the  pot  is  §  full,  and  1  that  the  pot  is  ^ 
full.  The  numbers  1  to  14  at  the  top  of  the  diagram  indicate 
the  numbers  of  the  various  pots,  and  the  sign  -f  signifies  the  lead 
added  from  the  stock. 

The  work-lead  with  002  per  cent,  of  silver  is  charged  in  the 
seventh  pot,  and  after  it  is  melted  and  cooled,  §  of  its  contents  are 
ladled  out  in  the  form  of  crystals  and  put  into  pot  8,  the  remaining 
liquid  i  being  put  into  pot  No.  6.  In  order  that  a  fi'esh  crystallis- 
ation can  be  eflfected  in  pots  6  and  8,  they  have  added  to  them  J  and 
J  respectively  of  their  contents  of  lead  of  the  same  percentage  of  silver 
as  each  of  them  contain,  from  the  stock  of  reserves.  The  contents 
ofboth  of  these  pots  are  now  melted  and  allowed  to  begin  to  crystallise, 
and  then  §  of  the  contents  of  pot  No.  6  =  65  tons  of  cr3rstals,  are 
ladled  out  into  pot  No.  7,  and  the  remaining  ^  or  3*5  tons  of 
mother  liquor  is  put  into  pot  No.  5 ;  from  the  eighth  pot  6*5  tons  of 
crystals  are  ladled  into  pot  No.  9,  and  8*5  tons  of  mother  liquor  go  to 
pot  No.  7,  Pot  No.  7  has  in  this  way  received  another  full  charge, 
whilst  pots  Nos.  5  and  9  are  made  up  to  the  requisite  quantity  by  the 
addition  of  6*5  and  3*5  tons  of  lead  of  corresponding  silver  content. 
The  pots  Nos,  5,  7,  and  9  can  now  be  crystallised,  and,  after  those, 
pots  4,  6,  8,  and  10 ;  and  by  continuing  the  working  in  this  way,  poor 
lead  is  at  last  obtained  with  0'002  per  cent,  of  silver,  and  rich  lead 
with  at  least  1*5  per  cent,  of  silver.^  At  Freiberg,  at  present,  the 
lead  is  only  desilverised  down  to  O'l  per  cent,  of  silver,  and  is  then 
submitted  to  the  zinc  desilverising  process. 

As  will  be  gathered  from  the  above  scheme,  the  pots  with  even 
and  uneven  numbers  are  worked  alternately.  There  are,  however, 
considerable  deviations  from  the  above  method  in  practice,  as  regards 
the  choice  of  the  charging  pot,  the  number  of  crystallisations,  and  the 

*  Plattner-Richter's  Vorlesungcn^  2,  p.  248. 
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number  of  pots  that  are  worked  simultaneously.  The  position  of  the 
charging  pot  and  the  number  of  crystallisations  that  are  necessary 
depend  upon  the  amount  of  silver  in  the  lead.  In  the  case  of  rich 
silver-lead  the  work-lead  is  put  into  the  third  or  fourth  pot  counting 
from  the  left  end  of  the  series,  so  that  the  rich  lead  is  obtained  with  a 
smaller  number  of  crystallisations  and  ladlings  to  the  left.  A  greater 
number  of  crystallisations  are,  however,  necessary  in  order  to  obtain 
the  poor  lead,  which  has  to  travel  further  to  the  right.  On  the  con* 
trary,  with  lead  poor  in  silver,  the  market  lead  is  obtained  more 
quickly.  The  whole  of  the  evenly  or  unevenly  numbered  pots  of  a 
battery  are  not  usually  being  worked  at  the  same  time,  as  the  amount 
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of  work-lead  requisite  for  this  is  often  not  available,  whilst  the  number 
of  workmen  required  would  be  considerable.  Usually  crystallisation 
is  only  being  carried  out  in  a  limited  number  of  pots,  and  when  they 
are  worked  off,  the  operation  is  continued  in  a  similar  number  of 
the  other  pots  of  the  series  which  have  received  a  full  charge  of 
metal. 

In  order  to  properly  control  the  process,  the  percentage  of  silver 
present  in  the  charges  in  the  various  pots  must  be  ascertained  from 
time  to  time,  and  if  it  is  found  that  the  percentage  is  decreasing 
irregularly  towards  the  market  pot,  then  the  contents  of  each  pot 
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from  that  up  to  at  least  the  charging  pot  must  be  ladled  back  into 
the  adjoining  one  before  crystallisation  is  begun  again. 

For  economic  reasons,  as  before  stated,  the  lead  is  not  worked  to 
below  0'002  percent,  of  silver,  except  when  assay  lead  is  being  made, 
which  is  done  in  a  battery  of  24  pots.  In  working  the  eighths  system 
a  battery  of  from  2  to  6  pots  is  used  (usually  only  2),  and  several 
batteries  are  worked  simultaneously,  so  that  sufficient  lead  of  a 
proper  silver  content  is  always  available  for  keeping  the  pots  properly 
filled. 

In  working  a  battery  of  2  pots,  after  the  lead  is  melted,  |  of  the 
contents  in  the  fonn  of  crystals  are  ladled  over  into  the  second  pot, 
whilst  the  mother  liquor  is  ladled  into  moulds.  To  the  J  of  crystals, 
J  of  lead  of  the  same  silver  content  is  then  added  from  the  stock, 
and  the  whole  melted  and  cr}'^stallised,  J  being  ladled  back  into  the 
first  pot  in  the  form  of  crystals,  and  the  remaining  J  being  cast  into 
moulds  as  a  reserve. 

This  process  of  ladling  back  the  crystals  and  ladling  out  the 
mother  liquor  is  repeated  until  the  lead  is  sufficiently  desilverised. 
The  enriched  lead  in  the  reserves  is  brought  up  to  the  requisite  silver 
content  as  soon  as  sufficient  is  obtained  to  properly  fill  a  pot,  and  to 
the  I  of  crystals  thus  obtained,  lead  of  the  same  silver  content  is  again 
added  from  the  stock. 

In  using  this  method  it  is  necessary,  in  order  to  furnish  the 
requisite  amoimt  of  lead  of  the  proper  silver  percentage,  to  carry  on 
a  corresponding  number  of  crjrstallisations  of  the  original  work-lead. 

At  the  Binsfeldhammer  works,  near  Stolberg,  work-lead  contain- 
ing 005  per  cent,  of  silver  was  formerly  worked  up  by  this  process 
into  rich  lead  with  1  to  1*5  per  cent,  of  silver,  and  poor  lead  with  0001 
per  cent,  of  silver. 

The  products  obtained  in  Pattinson's  process  are  rich  lead,  poor 
lead,  scums  (''  Schlicker  '*),  and  scrapings  or  dross  ("Krdtzefiy  Bleidreck  "), 
The  scums  and  argentiferous  drosses  are  added  to  the  ore  and  matt^ 
smelting  charges ;  the  scums  are  sometimes  liquated,  yielding  argen- 
tiferous lead  and  a  residue  which  is  cupriferous,  and  is  consequently 
either  added  to  the  matte  smelting  charge,  or  smelted  with  galena  or 
pyrites  for  matte  and  work-lead. 

The  lead  dross  poor  in  silver  is  worked  up  by  smelting  it  with 
lead  ores  poor  in  silver,  or  else  with  intermediate  products  poor  in 
silver,  such  as  litharge,  or  it  is  smelted  by  itself  for  market  lead. 

The  working  returns  of  the  hand-pattinsonising  process  show 
considerable  variations,  depending  upon  the  purity  and  the  richness 
of  the  lead  as  well  as  upon  the  calorific  value  of  the  fuel  used. 
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For  instance,  at  the  Friedrichshiitte,  neaKI§J1ig#ibJijr^ere  work- 
lead  with  0*094  to  0*125  per  cent,  of  silver  was  formerly  desilverised 
by  the  thirds  system  in  a  battery  of  14  pots,  a  charge  of  15  tons  being 
put  in  the  third  or  fourth  pot,  from  every  100  parts  of  work-lead, 
84*21  parts  of  poor  lead  with  0*001  per  cent,  of  silver,  and  12*62  parts 
of  rich  lead  with  0*88  per  cent  of  silver,  were  obtained.  The  loss  of 
lead  was  3'17  per  cent.  The  silver  obtained  exceeded  that  indicated 
by  the  assay  (which  however  gave  a  result  2*5  per  cent,  too  low)  by 
0*019  per  cent.  The  fuel  used  was  0*811  ton  of  small  coal  and 
60  cubic  feet  of  cinder  for  every  5  tons  of  work-lead.^ 

In  the  Upper  Harz,  working  the  thirds  system  on  work-lead 
averaging  0*14  per  cent,  of  silver  with  charges  of  12*5  tons  in  the  third 
pot  of  a  battery  of  13,  rich  lead  with  0*7  to  0*8  per  cent,  of  silver  was 
obtained,  and  poor  lead  with  0*001  per  cent,  of  silver.  At  the  Lauten- 
thal  works,  according  to  Strauch,  118  logs  of  wood  and  1*365  tons  of 
coal  were  burnt  for  every  5  tons  of  lead  pattinsonised. 

According  to  Gruner,  the  loss  of  lead  in  the  process  amounts  to 
2  per  cent.,  or,  including  that  incurred  during  the  preliminary 
refining,  3  to  6  per  cent. ;  and  the  same  authority  gives  the  fuel 
consumption  as  20  to  25  per  cent,  of  the  weight  of  the  lead  in  coal 
and  cinder. 

At  all  the  Continental  works,  with  the  exception  of  Freiberg,  the 
hand  Pattinson  process   has  been   superseded    by   the    method    of 
desilverising  with  zinc.      In   the  United  States,  where  such  great 
progress  has  recently  been  made  in  the  working  of  argentiferous  lead 
the  process  has  never  come  into  use. 

At  Freiberg  the  Pattinson  process  is  worked  in  conjunction  with 
the  zinc  process,  owing  to  the  fact  that  the  argentiferous  lead 
contains  bismuth.  The  pattinsonising  of  the  lead  down  to  0*001  per 
cent,  of  silver  is  not  however  carried  on  now,  the  content  of  silver 
only  being  reduced  to  01  per  cent,  and  the  further  desilverising  then 
effected  by  the  zinc  process. 

The  Tapping  Process,  or  the  Mechanical  Pattinsonising,  and 

THE  RozAN  Processes 

In  these  processes  hand  labour  is  to  a  great  extent  replaced  by 
machinery,  or  the  energy  of  the  steam  pressure  is  utilised  directly. 
The  melting  and  crystallising  of  the  lead  are  not  effected  in  the 
same  vessel  as  in  the  process  just  described,  but  take  place  in 
separate  vessels.     Two  processes  come  under  this  heading,  differing 

^  Teichmann,  Pretiss.  Zeittchr,  15,  44. 
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from  one  another  in  the  manner  in  which  the  agitation  of  the  molten 
mass  is  effected ;  they  are : — 

L  The  mechanical  Pattinson  process,  in  which  the  stirring  of  the 
molten  mass  is  effected  by  mechanical  means,  and — 

2.  The  Rozan  process,  in  which  steam  pressure  is  used  for  the 
agitation. 

1.  The  Mechanical  Pattinson  Process 

The  manner  of  carrying  out  this  process  was  suggested  by 
Boudehen  in  the  'sixties,  and  it  was  first  worked  at  Rouen  and 
Stolberg. 

The  arrangement  adopted  consists  of  one  or  two  melting  pots  and 
a  crystallising  pot.  The  melting  pot  stands  at  a  higher  level  than 
the  crystallising  pot,  and  only  differs  from  the  ordinary  Pattinson 
pot  in  that  it  is  provided  with  a  valve  at  the  lower  part,  through 
which  the  molten  lead  can  be  drawn  off  and  run  into  the  crystallising 
pot.  If  two  melting  vessels  are  used,  then  they  are  placed  side  b}' 
side  on  the  same  level. 

The  arrangement  of  the  crystallising  pot  is  shown  in  Figs.  417 
and  418.  It  consists  of  a  cast-iron  cylinder  z,  about  4  feet  high  and 
3  feet  diameter,  which  can  be  heated  by  the  waste  heat  from  the 
melting  pot.  The  gases  enter  through  the  flue  A,  provided  with 
a  damper  5,  and  pass  under  the  crystallising  vessel,  or  if  their  heat 
is  not  required  the  damper  is  shut  and  the  gases  pass  direct  to 
the  chimney.  There  are  two  stirrers  in  the  cylinder,  which  rotate 
in  opposite  directions.  One  of  them  consists  of  a  cast-iron  frame- 
work r,  provided  with  short  arms  and  connected  to  the  hollow 
axle  w.  The  second  stirrer,  the  axle  of  which  passes  through 
the  hollow  axle  of  the  first  and  rests  on  the  bottom  of  the  vessel, 
consists  of  a  series  of  arms  x,  placed  one  above  the  other,  reaching 
nearly  to  the  frame  of  the  first  stirrer.  Both  stirrers  can  be  rotated 
by  the  bevel  wheels  above.  The  cylinder  is  closed  at  its  upper  end 
by  a  movable  cover  y,  and  in  this  cover  are  the  flue  pipes  i,  t  for 
carrying  off  the  lead  fume.  At  the  bottom  of  the  cylinder  are  two 
outlet  tubes  n,  n,  provided  with  valves  in  order  to  allow  the  mother 
liquor  or  molten  lead  to  be  run  off  into  the  moulds  g,  g.  From  these 
moulds  the  blocks  of  lead  (which  have  ringbolts  cast  into  them) 
can  be  lifted  by  means  of  a  crane  after  solidifying,  and  dropped  by 
the  same  crane  into  the  melting  pot.  The  water  necessary  for  cooling 
the  molten  lead  at  the  commencement  of  crystallisation  is  Introduced 
by  means  of  the  little  trough  /  above  the  cylinder  cover. 
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The  working  of  the  apparatus  is  carried  out  as  follows : — 
The  lead  is  firat  melted  in  the  melting  pot,  and  is  then  allowed 
to  run  through  the  valve  into  the  ciyetalliaing  vessel  previously 
heated  by  the  waste  heat  from  the  melting  pot.  When  the  lead  is 
introduced  the  damper  is  closed,  and  in  order  to  cool  the  lead  more 
quickly  a  certain  amount  of  solid  lead  is  thrown  into  the  molten 
metal  in  the  cylinder.     Some  pieces  of  coke  are  then  thrown  upon 


the  surface  of  the  bath  of  metal,  the  stirrers  are  put  in  motion,  and  a 
small  stream  of  water  is  allowed  to  fiow  in.  As  the  bath  becomes 
stiffer,  owing  to  the  separation  of  the  crystals,  more  energy  is  neces- 
sary for  the  agitation  of  the  mass.  After  stirring  for  an  hour  or  an 
hour  and  a  quarter  with  a  charge  of  10  tons  of  molten  metal  and 
4  tons  of  solid  lead,  the  lead  is  tapped  off. 

After  running  off  the  molten  lead  an  equivalent  quantity  of  lead 


636  METALLURGY 

of  the  same  silver  content  as  the  crystals  is  run  on  to  the  remain- 
ing crystals.  The  ciystals  are  melted  by  means  of  this  molten  addi- 
tion without  any  further  firing  of  the  crystallising  vessel.  The  stirrers 
are  again  set  in  motion,  and  allowed  to  run]until  the  necessary  amount 
of  crystals  has  again  been  produced.  The  mother  liquor  is  tapped 
off,  more  molten  lead  added  to  the  crystals,  and  the  process 
repeated  until  poor  lead  is  ultimately  obtained,  the  enriched  lead 
being  treated  in  the  same  way  until  mother  liquor  sufficiently  rich  in 
silver  has  been  obtained. 

It  will  be  seen  that  in  this  process  it  is  necessary  to  have  in 
reserve  a  stock  of  lead  containing  varying  percentages  of  silver,  in 
order  to  add  lead  of  the  requisite  richness  to  the  crystals  in  the 
crystallising  vessel.  As  a  rule  the  system  of  thirds  is  the  one 
employed,  J  of  the  charge  being  run  off  as  mother  liquor,  and  f  left 
behind  in  the  form  of  crystals. 

According  to  Gruner,  at  Rouen,  where  the  process  was  formerly  in 
use,  10  to  12  crystallisations  were  made  each  day  with  charges  of 
9  and  12  tons  of  lead,  using  8  to  12  horse-power  for  agitation.  The 
work-lead  contained  0*04  per  cent,  of  silver.  The  coal  used  for 
melting  amounted  to  15  to  16  per  cent,  of  the  weight  of  the  lead  to 
be  desilverised,  and  that  required  for  the  whole  process,  including  the 
production  of  power,  was  equal  to  25  per  cent. 

In  Holzappel,  where  the  process  was  also  formerly  used,  rich  lead 
with  24 per  cent,  of  silver,  and  poor  lead  with  0*0036  per  cent,  were 
produced. 

This  process  is  considerably  cheaper  than  hand-pattinsouising,  but 
is  more  costly  than  the  Rozan  process,  and  much  more  costly  than  the 
zinc  process,  by  which  it  has,  in  almost  every  instance,  been  replaced. 

2.  The  Rozan  Process 

This  process,  known  also  as  the  Luce  and  Rozan  process  after  its 
inventors,  utilises  steam  pressure  for  the  agitation  of  the  molten 
lead.  As  the  introduction  of  steam  into  the  lead  causes  a  lai^ 
surface  to  be  exposed  to  the  air,  the  cooling  of  the  mass  is  hastened, 
and  at  the  same  time  various  foreign  bodies  present,  particularly 
copper,  are  separated  out  as  the  mass  cools.  Consequently,  impure 
varieties  of  lead,  which  would  require  refining  before  being  submitted 
to  the  ordinary  Pattinson  process,  can  be  treated  direct  by  the 
Rozan  process.  The  lead  most  suitable  for  the  process  should  not 
however  contain  more  than  |  per  cent,  of  impurity ;  if  more  than 
this  is  present,  a  preliminary  refining  is  advantageous. 


The  apparatus  used  for  the  process  consists  of  one  or  two  melting 
pots  placed  side  by  side,  and  a  crystallising  vessel  placed  below  them. 
Both  have  separate  fireplaces,  and  the  ciystallising  vessel  is  very 
similar  to  that  used  in  mechanical  pattinsonising,  having  a  pipe  for 


the  introduction  of  steam  in  place  of  the  mechanical  agitator. 
The  steam  is  generally  used  at  a  pressure  of  about  three  atmospheres. 
Figs,  419  and  420  show  the  arrangement  of  the  apparatus  which 
is  in  use  at  St,  Louis  lea  Marseille,  near  Marseilles.  C  is  the  melt- 
ing pot  heated  by  a  fire  on  the  grate  E,  and  holding  9  to  10  tons  of 
lead  ;  k  is  the  crystallising  vessel  of  a  capacity  of  16  tons  heated  by 
the  fireplace  r.    The  melting  pot  has  a  spout  c  provided  with  a  valve 
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for  running  the  molten  lead  into  the  crystallising  vessel,  and  v  is  the 
pipe  by  means  of  which  steam  is  led  into  the  latter,  a  cast-iron  pUt« 
p  being  placed  over  the  end  of  this  pipe  in  order  to  better  distribute 
the  steam  throughout  the  molten  metal.  There  are  two  pipes,  y, 
with  valves  for  running  off  the  mother  liquor  from  the  ciystallising 
vessel,  the  mother  liquor  flowing  into  the  cast-iron  moulds  P.  From 
these  the  soliditied  lead  is  lifted  by  cranes,  and  if  necessary  put  back 
again  into  the  melting  pot.  The  cover  t  of  the  crystallising  vessel 
is  composed  of  separate  segments,  which  can  be  lifted  independently 


Bit  that  the  contents  can  be  easily  observed  and  any  incrustations 
loosened. 

The  arrangement  of  the  plant  in  use  at  Przibram  in  Bohemia  is 
shown  in  Figs.  421  to  423.  A  is  the  20  ton  crystallising  vessel 
resting  on  the  columns  x,  x,  and  the  wall  y,  and  surround e<l 
by  the  flues  R,  B.  At  a  higher  level  are  the  two  melting  pots 
B,  each  capable  of  melting  7  tons  of  lead,  and  from  these  the  molten 
lead  is  run  into  the  crystallising  vessel  by  slightly  tilting  the 
melting  pots  by  means  of  a  crane.  From  the  grate  k  the  hot 
products  of  combustion  pass  round  the  bottom  and  the  sides  of  the 
vessel  below  the  annular  iron  plate  n,  and  then  pass  into  the  flue  o. 
The  portion  of  the  vessel  above  the  plate  n  is  kept  hot  by  m&aa  of 
the  waste  gases  from  the  melting  pots ;  after  heating  these  pots  they 
pass  by  the  flue  w  to  the  crystallising  vessel,  circulate  round  the 


upper  part  of  this,  and  then  pass  to  the  chimney  through  the  flue' p. 
Steam  is  forced  into  the  vessel  through  the  pipe  e,  placed  under  the 
baflSe-plate  d,  and  the  steam  passes  away  through  the  hood  /,  of  iron 


plate,  provided  with  two  working  openings.  This  hood  is  suiTounded 
by  a  second  hood,  also  of  iron  plate,  and  by  withdrawing  a  damper  g, 
hot  waste  gases  from  the  flues  can  circulate  in  the  space  between  the 
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two  hoods.  By  this  means  the  inner  hood  is  heated,  and  ^any  lead 
which  may  be  splashed  up  against  it  by  the  bubbling  of  the  steam 
can  be  caused  to  melt  and  flow  back  into  the  vessel.  The  waste 
gases  pass  along  the  pipe  z'  and  away  to  the  chimney  flue.  The 
mother  liquor  is  drawn  off  through  two  spouts  A  provided  with 
slide  valves,  and  kept  hot  by  the  hot  gases  from  fireplaces  i  and  i'. 

Li  working  the  Rozan  process  the  system  of  thirds  is  generally 
adopted  as  in  mechanical  pattinsonising,  and  rich  lead  with  16  to  2 
per  cent,  of  silver  and  poor  lead  with  0*001  to  0*003  per  cent,  of  silver 
are  obtained.     The  process  is  conducted  as  follows : — 

The  lead  is  first  melted  in  the  melting  pots  and  any  scums 
removed  from  the  surface,  and  it  is  then  allowed  to  flow  into  the 
crystallising  vessel.  Steam  at  three  atmospheres  pressure  is  forced 
through  and  thoroughly  mixes  the  fluid  lead  with  the  crystals-  from 
the  previous  operation  which  were  already  in  the  vessel,  quickly 
melting  the  latter.  When  completely  fluid,  crystallisation  is  induced 
by  withdrawing  the  fire  and  allowing  a  small  stream  of  water  to  flow 
over  the  surface  of  the  lead,  and  when  \  of  the  contents  have  assumed 
the  crystalline  state  the  scum  of  oxide  is  removed  from  the  surfiace 
and  the  enriched  lead  is  tapped  oflF.  A  sufiicient  quantity  of  lead  of 
the  requisite  silver  content  has  in  the  meantime  been  melted  in  the 
pot  so  as  to  fui-nish  another  charge  when  added  to  the  crystals 
remaining  behind  in  the  vessel,  and  the  whole  operation  is  repeated 
until  the  lead  is  suflBciently  desilverised.  In  this  process  it  is  also 
necessary  to  have  in  reserve  a  variety  of  lead  with  various  percentages 
of  silver. 

The  process  was  in  use  in  England  at  Newcastle-on-Tyne,  in  France 
at  St.  Louis  les  Marseille,  in  Spain  at  Carthagena,  in  Bohemia  at 
Przibram,  and  at  Eureka  in  Nevada  State,  U.S.A. 

At  St.  Louis  les  Marseille,  Spanish  lead  with  about  f  per  cent, 
of  impurity  (less  than  \  per  cent,  of  ajitimony)  was  enriched  up 
to  1*8  per  cent,  of  silyer  without  any  previous  refining.  Grecian 
leads  with  5  per  cent,  of  impurity  (2*5  per  cent.  Sb,  1  per 
cent.  Afi,  0*5  per  cent.  Cu),  as  well  as  lead  from  Pontgibaud  with 
32  per  cent,  antimony,  0*3  per  cent,  of  copper,  and  much  arsenic, 
were  previously  refined  and  were  capable  of  being  enriched  only 
up  to  1*6  per  cent,  of  silver.  On  an  average  some  13  operations 
were  got  through  in  24  hours,  lead  with  0*123  per  cent,  of  silver 
being  worked  in  charges  of  13  to  16  tons,  yielding  from  each 
charge  6  to  7  tons  of  market  lead  containing  0001  to  0002  per  cent, 
of  silver.  For  each  operation  2  J  cwts.  of  coke  were  used,  about  202  lbs. 
for  heating  the  pots,  and  62  lbs.  for  raising  steam.    About  4  cwts.  of 
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oxide  were  formed  from  each  ton  of  lead.  This  partly  collects  on  the 
surface  of  the  molten  metal,  and  is  in  f^rt  carried  off  by  the  current 
of  steam  and  collected  in  condensation  chambers ;  it  is  chiefly  litharge. 
The  loss  of  lead  amounts  to  21  per  cent.,  and  that  of  silver  to  15  per 
cent.,  as  compared  with  the  assay  values. 

The  total  cost  of  working  1  ton  of  lead  was  2585  francs.  In  the 
hand-worked  Pattinson  process  the  lead  loss  amounted  to  3  per  cent., 
the  silver  loss  to  1*5  per  cent.,  and  the  total  cost  amounted  to  46*54 
francs  per  ton. 

At  Przibram  in  Bohemia  the  work-lead  is  liquated  before  pattin- 
sonising  in  order  to  get  rid  of  copper,  which  is  present  to  the  extent 
of  about  0*1  per  cent.  The  crystallising  vessel  holds  20  tons,  and  each 
melting  pot  7  tons  of  lead,  and  6  to  7  operations  are  conducted  every 
24  hours.  The  melting  of  the  metal  takes  3  hours-  and  the  crystal- 
lising 1  hour,  and  the  products  are  rich  lead  with  1*3  per  cent,  of 
silver,  and  poor  lead  with  0*001  per  cent,  of  silver,  the  coal  used 
amounting  to  20  per  cent,  by  weight  of  the  lead  treated.  The  desilver- 
ised  lead  still  contains  antimony,  and  it  is  therefore  submitted  to 
refining  in  a  reverberatory  furnace.  The  various  products  from  100 
parts  of  lead  are  as  follows  : — 


Rich  lead  . 
Poor  lead  . 
Drosses  .  . 
Skinimings 
Flue  dust  . 


Work-lcad. 


42-99 

44-76 

302 

9-94 

0-46 




•"  ~ 

Silver  in  the 

Load  in  the 

work-lead. 

work-lead 

97-36 

'           42  58 

017 

45  01 

0-61 

303 

1-45 

8-04 

0  07 

035 

The  Bozan  process  is  the  cheapest  method  of  conducting  the 
operations  of  pattinsonising,  and  is  therefore  superseding  the  hand 
process  and  also  the  mechanical  process.  The  cost  for  both  fuel  and 
labour  is  less  than  in  either  of  the  other  processes,  and  the  amount  of 
scum  and  dross  produced  is  also  less.  According  to  Cookson^  the 
costs  for  labour  and  fuel  are  respectively  20  and  40  per  cent,  of 
those  in  the  hand  process ;  the  quantity  of  dross  produced  is  also  only 
33  per  cent,  of  that  produced  in  the  latter  process. 

Desilverising  by  means  of  Zinc 

If  argentiferous  lead  be  melted,  pieces  of  zinc  forming  altogether 
from  1^  to  2  per  cent,  of  the  weight  of  the  lead  thrown  on  its  surface, 
the   temperature   of  the  bath   raised  to   the   melting  point  of  the 

^  JSnyineenng  and  Minhig  JoxirvaJ^  12  April,  1879. 
VOL.  1  T  T 
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zinc,  and  the  whole  thoroughly  stirred  and  then  allowed  to  cool,  a  crust 
or  scum  forms  upon  the  surface  as  the  temperature  is  lowered.  This 
scum  is  a  solidified  mixture  of  alloys  of  lead,  zinc  and  silver,  lighter 
than  the  molten  lead  and  containing  all  the  silver  originally  present 
in  the  lead,  and  it  can  easily  be  separated  firom  the  rest  of  the  metal 
forming  the  bath. 

According  to  the  researches  of  Roessler  and  Edelmann,  molten 
zinc  dissolves  lead  and  molten  lead  dissolves  zinc,  and  the  higher 
the  temperature  the  greater  the  amount  dissolved.  If  more  of  one 
metal  is  present  than  the  other  is  able  to  dissolve  at  the  particular 
temperature  employed,  the  excess  of  metal  separates  out.  These 
experimenters  found  that  at  temperatures  between  360°  and  650 
lead  dissolves  fix)m  0*6  to  3  per  cent,  of  zinc,  whilst  zinc  between  the 
same  temperatures  takes  up  from  1*7  to  5*6  per  cent,  of  lead.  By 
melting  together  100  parts  by  weight  of  lead  with  10  parts  of  zinc 
they  obtained:  — 

At350* :  99*9  partsoflead  containingO'6  of  zinc  and  9*4  parts  of  zinc  con(aininf;0-l  of  iead 
,,450^99-8  „  „  I  „         9  „  „        02     „ 

„650':99-7  „  „  2  „         8  „  „        03     ,. 

„  650^99-6  „  „  3  „         7  „  „        0.4     „ 

And  they  also  determined  the  melting  points  of  zinc-silver  alloys  aa 
follows : — 

Composition  of  alloy.  Melting  point. 

90  of  zinc  and  10  of  silver  .  .  450'C. 
80  „  „  20  „  „  .  .  550'C. 
70  „         „        30  „     „        .     .     650'C. 

Consequently,  by  melting  zinc  with  argentiferous  lead,  0*6  per  cent,  of 
zinc  will  always  remain  associated  with  the  lead  and  will  not  sepanitv 
out  on  cooling  the  bath  of  metal,  whilst  the  remainder  of  the  zinc, 
together  with  the  silver  and  a  certain  proportion  of  lead,  separates  out 
on  the  surface.  From  this  mixture  of  alloys,  the  zinc  can  be  separatwi 
by  distillation,  oxidation,  or  treatment  with  fluxes,  so  that  only  silver 
and  lead  remain,  whilst  the  zinc  remaining  in  the  lead  bath  can  be 
eliminated  by  oxidation.  It  is  thus  possible  by  means  of  the  zinc 
process  to  separate  the  lead  into  two  portions,  one  rich  and  the  other 
poor  in  silver. 

The  lead  is  rarely  enriched  so  as  to  contain  more  than  12  per 
cent,  of  silver,  whilst  the  amount  in  the  poor  lead  is  reduced  to 
0*0005  per  cent.  According,  however,  to  the  recent  discoveries  of 
Roessler  and  Edelmann,  it  is  possible  to  concentrate  most  of  the  silver 
in  argentiferous  lead  in  a  silver-zinc  alloy  containing  very  little  leiwl, 
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and  to  obtain  the  silver  from   this  alloy  by  means  of  electrolytic 
methods  or  by  treatment  with  sulphuric  acid. 

The  principle  of  the  zinc  process  was  first  described  by  Karsten  in 
1842,  but  for  a  long  time  no  satisfactory  progress  was  made  towai-ds 
its  application  on  the  large  scale.  The  separation  of  the  silver  from 
the  zinc-silver  alloy  could  not  be  efifected  without  great  loss  of  metal, 
and  the  zinc  remaining  in  the  lead  was  only  removed  with  great 
difficulty  and  expense.  Parkes  was  the  first  to  introduce  the  process 
on  the  large  scale,  and  it  was  first  worked  in  England  in  1860-52, 
followed  by  its  introduction  in  the  later  'sixties  into  the  Rhenish  works 
in  the  Eifel,  the  difficulties  mentioned  having  fortunately  been  over- 
come. From  this  time  onward  it  has  gained  ground  and  promises  to 
entirely  supplant  the  Pattinson  process.  Its  advantages  over  the  latter 
process  are  a  higher  yield  of  lead  and  silver,  and  a  more  rapid  separa- 
tion of  the  two  metals,  so  that  market  lead  is  more  quickly  obtained, 
whilst  the  much  greater  richness  of  the  silver-lead  alloy  produced 
reduces  considerably  the  expenditure  in  fuel  and  wages,  and  the 
market  lead  is  purer  than  that  ordinarily  obtained  in  the  Pattinson 
process. 

In  the  zinc  process  the  lead  is  desilverised  until  it  contains  only 
00005  per  cent,  of  the  precious  metal  as  against  the  0002  per  cent,  of 
the  Pattinson  process,  and  the  rich  lead  can,  without  difficulty,  be 
obtained  with  12  per  cent,  of  silver  as  against  21  per  cent,  in  the 
Pattinson  process. 

Of  the  various  foreign  metals  present  in  the  lead,  the  whole  of  the 
copper  is  found  in  the  zinc  alloy,  and  this  constitutes  a  special  advan- 
tage of  the  process,  enabling  a  market  lead  practically  free  from  copper 
to  be  produced. 

All  the  gold  passes  into  the  zinc-silver  alloy,  but  it  is  possible,  by 
adding  a  smaller  amount  of  zinc  in  the  first  instance,  to  obtain  the 
whole  of  the  gold  of  the  argentiferous  lead  with  only  a  portion  of  the 
silver,  in  the  first  scum  or  crust  skimmed  oflf  from  the  surface  of  the 
bath,  and  this  can  then  be  worked  up  by  itself  to  auriferous  silver. 

Nickel  and  cobalt  also  associate  themselves  with  the  zinc-silver 
alloy,  whilst  antimony  remains  with  the  lead,  and  if  present  in  large 
amounts  retains  a  certain  quantity  of  silver.  In  quantities  up  to 
0*7  per  cent.,  it  is,  however,  without  injurious  influence  in  this 
respect.  Tin  and  arsenic  remain  with  the  lead.  The  presence 
of  arsenic  delays  the  process  and  hinders  the  complete  separa- 
tion of  the  zinc-silver  alloy.  Bismuth  is  found  in  the  desilverised 
lead.     Tellurium,*  platinum  and  palladium^  pass  into  the  zinc. 

1  Heberlein,  Berg,  und  HuUenm.  Ztg.  1895,  p.  42.        ^  Hofman,  op,  til,  p.  430. 
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It  will  thus  be  seen  that  the  presence  of  copper,  nickel  and  cobalt, 
which  associate  themselves  with  the  zinc,  will  occasion  a  large  con- 
sumption of  this  metal,  whilst  antimony,  arsenic  and  tin,  remaining 
with  the  lead,  necessitate  a  costly  purification  of  the  metal  after 
desilverising.  Consequently,  lead  containing  a  large  percentage  of 
these  foreign  metals  must  be  purified  before  being  desilverised.  Leiul 
containing  only  small  quantities  of  copper  and  not  more  than  0*7  per 
cent,  of  antimony  need  not  be  previously  refined,  as  the  copper  is 
removed  by  the  zinc  in  desilverising,  and  the  antimony  is  eliminated 
in  the  softening  process  which  the  desilverised  metal  must  undergo 
for  the  removal  of  the  small  amount  of  zinc  taken  up  in  the  process. 

Bismuth,  which  remains  with  the  lead,  cannot  be  elinfiinated  by 
liquation  or  refining,  as  it  neither  forms  a  diflScultly  fusible  alloy 
with  lead  like  copper  does,  nor  can  it  be  separated  fi*om  lead  by 
oxidation.  It  can  only  be  separated  by  using  the  Pattinson  process, 
when  the  bismuth  collects  in  the  rich  lead,  and  when  the  silver  has 
been  eliminated  to  a  certain  extent,  the  poor  lead  is  found  to  be  prac- 
tically free  from  bismuth.  At  Freiberg,  the  lead  contains,  to  begin  with, 
0*4  to  0*8  per  cent,  of  silver,  and  it  is  found  that  when  the  silver 
content  has  been  reduced  to  01  per  cent,  by  pattinsonising,  the  lead 
is  practically  free  from  bismuth.  It  is  for  this  reason  that  the  two 
processes  of  desilverising  are  worked  in  conjunction  at  Freiberg,  the 
lead  being  partially  desilverised  by  the  Pattinson  process,  and  the 
operation  completed  by  the  zinc  process. 

The  process  of  desilverising  by  means  of  zinc  comprises  two 
operations : — 

1.  The  separation  of  the  argentiferous  lead  into  poor  lead  and  an 
alloy  of  lead,  zinc  and  silver. 

2.  The  production  of  a  rich  silver-lead  from  the  zinc  alloy. 

I.  The  Production  of  the  Silver-lead-zinc  Alloy  from 

Argentiferous  Lead 

Before  applying  this  process  to  impure  leads,  a  refining  operation 
is  necessary.  Under  all  circumstances  the  desilverised  lead  must  be 
refined  in  order  to  get  rid  of  the  small  amount  of  zinc  and  of  antimony 
if  the  latter  be  present.  The  alloy  produced  in  desilverising  contains 
a  considerable  amount  of  lead,  part  of  which  is  got  rid  of  by  liquation 
before  the  alloy  is  treated  further. 

All  these  different  operations  :  the  preliminary  refining,  the  pn>- 
duction  of  the  alloy,  the  liquation  of  the  alloy,  and  the  refining 
(dezincising)  of  the  desilverised  lead  are  carried  on  in  such  a  way  in  a 
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series  of  apparatus  that  the  lead  remains  from  beginning  to  end  in  the 
fluid  state,  and  can  flow  from  one  to  the  other,  without  any  lifting 
being  required  other  than  that  needed  to  introduce  it  into  the  first 
vessel  of  the  system. 

The  refining  of  the  work-lead,  or  if  much  copper  is  present,  the 
liquation  of  the  work-lead,  is  carried  out  as  described  in  detail  on 
page  554  in  reverberatory  furnaces.  The  desilverising  proper  is 
effected  in  cast-iron  or,  more  rarely,  cast-steel  pots.  The  liquation  of 
the  lead  from  the  mixture  of  alloys  is  performed  in  pots  of  cast-iron. 

Section  ^"B 
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FiOB.  424  and  425. 


whilst  the  refining  of  the  desilverised  metal  is  efifected  in  reverberatory 
furnaces,  or  in  cast-iron  or  cast-steel  pots. 

In  order  to  save  expense  in  transferring  the  lead  from  one  vessel 
to  another  for  these  various  operations,  it  is  advisable  to  arrange  the 
apparatus  in  terrace  form,  the  furnace  for  the  preliminary  refining 
being  on  the  highest  level.  On  the  next  terrace  come  the  desilver- 
ising and  liquating  pots,  and  below  on  the  next  lower  level  the 
apparatus  for  refining  the  desilverised  metal.  Below  this  again  comes 
the  vessel  for  receiving  the  refined  lead,  and  at  the  lowest  level  the 
moulds  in  which  the  lead  is  cast  into  pigs. 

A  plant  arranged  on  these  principles,  typical  of  the  practice  in 
North  America,  where  impure  lead  is  generally  treated  by  the  zinc 
process,  is  shown  in  Figs.  424  and  425 ;  ^  a,  a  are  the  refining  furnaces 

^  Hofman,  MttcUlurgy  of  I/eady  p.  431. 


646  METALLURGY 

for  the  work-lead,  and  on  the  next  level  are  placed  the  desilverisiDg 
pots  h,  6,  with  the  liquation  pots  c,  c,  and  the  pots  rf,  d,  for  receiving 
the  liquated  alloy ;  e,  e  are  the  furnaces  for  refining  the  desilverised 
lead,  and  /,/  the  vessels  for  receiving  it.  In  the  lead  pit  g  the 
casting  takes  place,  and  h  is  the  weighing  platform.  The  lead  comes 
to  the  plant  along  a  line  of  rails  at  the  level  i,  and  the  desilverised 
lead  leaves  it  at  h 

Instead  of  the  reverberatory  furnace,  the  refining  of  the  lead  is 
also  carried  out  in  pots,  and  in  such  a  case  they  would  take  the  place 
of  the  furnaces  a,  a,  on  the  uppermost  level,  but  in  the  States,  refining 
in  furnaces  is  the  more  general  method,  pots  lasting  only  for  a  short 
time. 

When  all  the  apparatus  is  on  one  level,  which  is  usually  the  case 
on  the  Continent,  where  the  preliminary  refining  is  not  generally 
necessary,  then  the  final  refining  is  done  in  the  same  vessel  in  which 
the  lead  has  been  desilverised,  and  the  liquation  of  the  lead  in  pots 
lying  beside  the  latter.  The  market  lead  in  this  case  must  be 
pumped  out  of  the  vessel  by  means  of  a  Rosing  lead  pump  unless  a 
lower  level  is  available  so  that  it  can  be  syphoned  oflf. 

By  arranging  the  apparatus  in  terraces,  the  expenditure  in  wages 
is  diminished  and  the  capacity  of  the  plant  is  greater  than  when  all 
the  parts  of  it  are  placed  on  the  same  level.  The  former  arrange- 
ment in  particular  is  preferable  where  a  preliminary  refining  of  the 
lead  is  necessary. 

Afi  already  mentioned,  the  desilverising  is  effected  in  cast-iron  or 
cast-steel  pots  similar  to  those  employed  in  the  Pattinson  process, 
and  in  many  places  on  the  Continent  the  plant  employed  in  the 
process  of  hand  pattinsonising  has  simply  been  used  for  the  adnc 
method.  The  capacity  of  the  pots  varies  from  12j^  up  to  55  tons  of 
lead,  those  in  use  on  the  Continent  seldom  exceeding  25  tons  (one  at 
Hoboken  near  Antwerp  holds  50  tons),  whilst  in  the  United  States 
they  do  not  usually  carry  less  than  30  tona  Elliptical  pots  are  also 
in  use,  such  as  those  employed  at  the  works  of  the  Omaha  and 
Grant  Smelting  and  Refining  Company  at  Omaha  in  Nebraska, 
holding  48  tons  ;  and  of  other  large  pots  of  circular  section  may  be 
mentioned  the  recent  vessels  at  the  Balbach  Works,  near  Newark, 
New  Jersey,  holding  50  tons;  at  Cheltenham,  St.  Louis,  38  tons;  the 
National  Works,  Chicago,  35  tons :  and  the  Pittsburg  Works,  with 
50  ton  vessels. 

Vessels  of  large  capacity  have  the  advantage  over  small  ones  in 
using  less  fuel  and  particularly  in  economising  labour.  A  capacity  of 
30  tons  may  be  taken  as  a  fair  average  when  the  plant  is  arranged 
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in  terrace  form,  but  if  the  desilverised  lead  is  to  be  refined  in  the  pot 
by  means  of  steam,  the  charge  for  such  a  pot  should  not  exceed  25 
tons.  The  pots  are  generally  &om  3  feet  to  3  feet  3  inches  in  depth, 
the  diameter  depending  on  the  capacity.  For  instance,  a  pot  of  30 
tons  capacity,  3  feet  3  inches  deep,  would  measure  internally  8  feet 
10  inches  at  the  top.  An  elliptical  vessel  of  56  tons  capacity 
measures  39  inches  in  depth  and  is  12  feet  lung  and  7  feet  wide 
internally.  The  thickness  of  the  metal  is  often  greater  at  the  bottom 
than  at  the  sides,  for  instance,  2  to  2^  inches  at  the  bottom,  as  against 
IJ  to  2  inches  at  the  upper  part,  though  at  the  present  time  vessels 
are  being  made  of  an  equal  thickness  throughout  and  seldom  more 


than  1^  inches  thick.  Pots  of  this  thickness  last  1-1^  yoars, 
provided  that  they  are  only  employed  in  desilve rising,  and  are  not 
raLsed  to  higher  temperatures.  If  they  are  also  used  for  refining,  their 
life  is  much  shortened,  extending  only  to  some  30  to  60  chaj;ge8  with 
impure  lead. 

Cast-steel  pots  are  only  used  when  refining  and  desilverising  are 
conducted  in  the  same  pot  as,  for  instance,  at  FriedrichBhiitte,  in 
Upper  Silesia.  If  made  of  crucible  steel  these  stand  from  250  to  270 
charges,  and  if  of  open-hearth  steel,  from  120  to  150  charges.  This 
extraordinary  durability  has  not  been  reached  at  other  places  where 
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they  have  been  tried  (Hoboken,  Antwerp)  and  must  be  attributed  to 
the  quality  of  the  work-lead  at  Friedrichshiitte,  which  only  contains 
very  small  amounts  of  antimony. 

The  method  of  setting  the  pots  has  already  been  explained  in 
considering  the  refining  of  lead  and  the  Pattinson  process  (p.  548). 

SeciionJBCD 
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The  exact  arrangement  of  a  pot  with  its  fire  grate  is  shown  in  Fig& 
426  to  429,  representing  one  in  use  at  Lautenthal  in  the  Upper 
Harz.  In  a  pot  of  this  kind  arranged  with  the  rest  of  the  plant  on 
the  same  level,  only  12J  tons  are  desilverised  at  a  time.  The  terrace 
or  platform  system  of  arrangement  is  shown  in  Figs.  430  to  433, 
which  represent  the  plant  in  use  at  Friedberg. 


The  two  desilverising  pots  a,  a  are  plaeed  on  the  aame  level  as 
the  liquatioD  pots  h,  b,  lying  between  them.  The  former  are  5  feet 
2  inches  in  diameter,  3  feet  3  inches  deep,  and  hold  20  tons  of  work- 
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lead.  The  hemispherical  liquation  pots  i,  6  are  of  21 J  inches  radius. 
Below  the  desilverising  pots  stands  the  refining  furnace  c  lor  freeing 
the  desiiverised  lead  from  zinc,  the  lead  being  discharged  from  the 
pot«  into  it  by  means  of  a  syphon.     The  furnace  is  9  feet  10  inches 
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long,  6  feet  7  inches  broad  and  17J  inches  deep,  with  a  hearth 
constructed  of  fireclay  lying  6  feet  below  the  rim  of  the  desilverising 
pot     Below  the  refining  furnace  is  a  cast-iron  tapping  pot  d,  6  feet 


3  inches  in  diameter  and  3  feet  3  inches  deep,  into  which  the  desil- 
verised  lead  is  allowed  to  flow  through  a  pipe  fiimiahed  with  a  coDical 
valve. 
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The  Desilverisinq  Process 

If  the  lead  requires  refining  before  desilverising,  it  is  allowed  to 
flow  from  the  refining  furnace  standing  above  the  desilverising  vessel 
into  the  latter.  The  vessel  must  be  previously  warmed  and .  coated 
inside  with  milk  of  lime  in  order  that  the  scums  can  be  easily 
separated  from  its  sides.  The  lead  is  either  tapped  into  the  pot  or 
syphoned  over  into  it.  In  the  former  case  it  flows  through  a  cast- 
iron  spout,  and  in  the  latter,  into  a  cast-iron  pipe  placed  vertically 
in  the  pot,  the  formation  of  crusts  being  thus  lessened.  These  crusts, 
which  form  on  the  surface  and  have  to  be  raked  off,  constitute  about 
1  per  cent,  of  the  weight  of  the  lead. 

If  it  is  not  necessary  to  refine  the  work-lead,  it  is  put  directly  into 
the  desilverising  pot  and  there  melted.  After  melting,  the  scums 
are  removed  and  then  the  treatment  with  zinc  commences,  as  is  also 
the  case  with  the  refined  lead.  If  the  lead  is  poor  in  silver  the  zinc 
is  added  in  two  portions,  if  rich  in  silver  usually  in  three,  and  when 
much  gold  is  present,  four  or  even  five  separate  additions  of  zinc  are 
made. 

The  .total  quantity  of  zinc  to  be  used  in  desilverising  depends 
upon  the  amount  of  silver  in  the  work-lead,  the  richer  the  work- 
lead  the  more  zinc  being  required.  Poor  leads  use  propoi-tionately 
more  zinc,  because,  in  any  case,  the  lead  takes  up  0*6  per  cent,  of  zinc 
which  plays  no  part  in  the  desilverising. 

According  to  lUing^  the  amount  of  zinc  in  percentages  of  the 
work-lead,  required  for  lead  with  various  percentages  of  silver  is  as 
follows : — 

Silver  in  work-lead  Zinc  required 

per  cent.  per  cent. 

0025 1-26 

005 1-33 

01 1-5 

015 1-66 

^'*  \  20 

0-3  / ^" 

According  to  Junge  *  the  zinc  consumed  (as  in  the  previous  case, 
not  counting  the  zinc  recovered  again  by  distillation)  is  as  follows : — 

Silver  in  work-lead  Zinc  required 

per  cent.  per  cent. 

00963 1-34 

0-3825 1-84 

0-508 1-96 

0-84  2-45 

1  Prtwts  Zeitschr.,  1868.  >  Freiberger  Jahrbtich,  1889,  p.  6. 
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The  amount  of  zinc  does  not  depend  entirely  upon  the  silver 
percentage  in  the  work  lead  but  will  also  be  influenced  by  the  amount 
of  copper  and  of  gold  present.  The  total  quantity  of  zinc,  as 
also  the  number  and  weight  of  the  charges,  required  for  different 
varieties  of  work-lead,  can  easily  be  ascertained  by  experiment,  and  a 
table  can  then  be  drawn  up  showing  the  amount  of  zinc  necessarj- 
when  various  percentages  of  copper,  silver  and  gold  are  present 

Only  pure  zinc  must  be  used,  and  the  use  of  impure  metal  and 
scrap  zinc  has  not  proved  economical  in  spite  of  their  lower  price. 

If  copper  and  gold  are  present  in  the  lead,  these  metals  are  taken 
up  by  the  zinc  before  the  silver  and,  indeed,  before  the  lead  itself  is 
saturated  with  zinc.  According  to  Hofman^  30  tons  of  lead  re- 
quiring 396  lbs.  of  zinc  (0*6  percent.)  for  saturation,  yielded  0*30  ounce 
of  gold  per  ton  (00009  per  cent.)  in  the  scum  formed  after  adding 
330  lbs.  of  zinc. 

In  practice  a  double  advantage  is  gained,  owing  to  these  (acXs. 
In  the  first  case  by  adding  a  proportionately  small  amount  of  zinc  in 
the  first  instance,  the  copper  and  gold  can  be  separated,  and  again, 
after  separating  the  copper  in  this  way,  the  later  zinc  additions  which 
are  not  saturated  with  silver  can  be  used  over  again  for  desilverising 
as  they  are  quite  free  from  copper  and  by  their  use  copper  is  not 
introduced  again  into  the  bath. 

The  zinc  is  usually  added  in  flat  ingots  thrown  on  to  the  surface 
of  the  molten  lead,  the  temperature  of  which  is  then  raised  to  the 
melting  point  of  zinc.  In  order  to  avoid  oxidation  of  the  zinc  it  may 
be  placed  at  the  bottom  of  the  metallic  bath  in  a  perforated  box  and 
there  melted,  or  it  may  be  melted  separately  and  poured  into  the 
molten  lead. 

After  the  zinc  is  melted,  it  is  intimately  mixed  with  the  molten 
lead  either  by  stirring  with  a  perforated  paddle  or  by  a  mechanical 
agitator,  or  else  by  means  of  steam,*  the  usual  way  being  by  means 
of  the  paddle.  Of  stirring  appliances  which  have  proved  successftil, 
mention  may  be  made  of  the  Friedrichshtitte  apparatus  and  the 
device  of  Howard.  The  fomier  was  in  use  in  Upper  Silesia  before 
the  invention  of  Howard  s  apparatus,  and  consists  of  a  pipe  hung 
perpendicularly  in  the  pot,  and  a  screw  which  works  in  the  pipe.  By 
the  rotation  of  the  screw,  the  zinc  swimming  on  the  surface  of  the 
bath  is  sucked  into  the  pipe  and  then  forced  to  the  bottom  of  the 
pot.  The  screw  is  rotated  rapidly  by  an  electric  motor  of  0'4  h.p. 
The  stirring  time  is  reduced  by  this  arrangement  fix)m  1 J  hours  t«> 

^  The  MekUhirgy  of  Lead,  p.  328.     U.S.  Patent,  No.  529,617. 

*  Rosing,  Ztit.  fiir  Berg-  HiUten-  und  Saiineivceiitn  im  PreitMen^  vol.  xxviL  p.  76. 
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12 — 15  minutes.  Before  introduction  into  the  pipe,  the  zinc  is  melted 
and  then  supplied  in  a  thin  stream,  but  little  oxidation  taking  place 
during  this  process, 

Howard's  stirring  machine  •  is  represented  in  Figs.  434 — 436  ;  it 
consists  of  a  cover  B  made  of  sheet-iron  strengthened  by  J'-irons,  and 


(^1=^=^ 


having  an  iron  flange  F,  the  stirrer  proper  A,  and  the  traveller  K 
suspended  by  the  diflTerential  pulley  LM.  When  the  cover  is  let 
down  into  the  bath  Z,  the  flange  sinks  into  the  metal  and  seals  it  off 
from  the  air,  ho  that  oxidation  does  not  take  place  during  stirring,  A 
sheet-iron  cylinder  A,  2  feet  in  diameter  and  1  foot  6  inches  high, 
■  Hofman,  op.  cU.  p.  459.     U,B,  Patent,  529,617,  November  20,  1894. 
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hangs  from  the  cover  by  the  rods  JS,  the  top  of  t  le  cylinder  being  in 
the  lead  and  6  inches  below  the  rim  of  the  kettle.  Inside  the  cylinder 
is  the  propeller  S,  fixed  to  the  vertical  shaft  C,  which  is  supported 
by  the  collar  0  and  guided  by  the  box  G,  The  propeller  is  driven 
by  an  oscillating  steam-engine  A',  which  rests  on  the  standard  E. 
The  steam  inlet  is  at  Fand  the  exhaust  is  at  the  opposite  side.  For  a 
30  ton  pot,  the  machine  is  3  h.p.,  for  a  50  ton  pot  5  h.p.,  and  the 
number  of  revolutions  per  minute  is  110.  Two  propellers  are  needed 
for  a  60  ton  pot  of  elliptical  section.  By  the  action  of  the  propeller, 
the  metal  in  the  cylinder  is  forced  out  at  the  bottom  and  new  metal 
flows  in  at  the  top,  thereby  effecting  a  thorough  circulation.  The 
stirring  lasts  7  to  10  minutes  for  a  30  ton  pot  and  15  to  20  minutes 
for  a  60  ton  pot. 

The  method  of  working  is  as  follows.  After  the  lead  has  been 
melted  and  drossed,  the  cover  is  let  down  and  the  lead  heated  a  little 
over  the  melting  point  of  zinc.  The  cover  is  .then  raised,  the  zinc 
added,  and  the  cover  lowered,  and  the  stirring  started  as  soon  as  the 
zinc  has  melted.  When  the  stirring-in  is  finished  the  cover  is  raised 
and  pushed  aside  to  allow  of  the  removal  of  scums,  and  the  above 
process  is  repeated.  The  advantages  of  the  method  are  economy  of 
time,  labour  and  zinc,  and  the  production  of  a  rich  scum  with  but 
little  dross. 

After  stirring  in  one  of  the  ways  indicated  above,  the  bath 
of  metal  is  allowed  to  cool  slowly,  and  the  alloy  of  lead,  silver 
and  zinc  with  copper  and  gold,  if  these  metals  are  present,  gradually 
collects  on  the  surface.  This  is  generally  removed  as  fast  as  it  forms 
by  means  of  a  perforated  ladle,  and  this  is  continued  until  crystals  of 
lead  begin  to  form  on  the  surfece  and  the  lead  begins  to  solidify  on 
the  sides  of  the  pot. 

The  temperature  of  the  bath  is  now  increased  and  a  second 
portion  of  zinc  is  added,  and  the  operation  repeated  precisely  as  after 
the  first  addition,  and  at  many  works  a  third  and  fourth  addition  of 
zinc  is  made.  If  the  lead  is  auriferous,  the  gold  will  be  found  in  the 
first  scum  removed. 

When  the  assay  shows  that  the  silver  content  of  the  lead  has  been 
reduced  to  00005  to  00006  per  cent,  the  process  is  stopped,  or  if 
more  silver  than  this  is  present,  zinc  is  added  until  it  is  reduced  to 
this  amount. 

In  the  Upper  Harz,  the  charge  consists  of  12|  tons  of  work-lead 
containing  014  to  015  per  cent,  of  silver,  and  this  is  desilverised 
without  any  previous  refining  down  to  00005  per  cent  of  silver 
At  Lautenthal,  where  this  process  was   used,  though    it    has   now 


SILVER  655 

been  replaced  by  the  aluminium-zinc  process,  the  first  addition  of 
zinc  weighed  48  lbs.  This  first  portion  of  zinc  takes  out  the  gold 
and  copper,  the  silver  in  the  alloy  formed  not  amounting  to  more 
than  018  or  019  per  cent.,  and  this  first  alloy  was  worked  up 
separately  on  account  of  the  gold  in  it.  The  second  zinc  addition 
amounted  to  110  lbs.,  and  at  the  same  time  the  scum  previously 
obtained  after  the  third  zinc  addition  was  also  added  as  it  was  not 
saturated  with  silver.  This  second  zinc  addition  abstracted  the  bulk 
of  the  silver  fi*om  the  lead,  so  that,  after  removing  the  scum,  the 
silver  was  brought  down  to  about  0*02  per  cent.,  and  in  order  to  take 
out  this  last  portion  a  third  addition  of  180  lbs.  of  zinc  was  made. 
In  this  way  an  alloy  which  was  still  capable  of  taking  up  more 
silver  was  obtained,  and  this  was  added  again  with  the  second  lot 
of  zinc. 

The  alloys  ladled  fix)m  the  pot  and  known  as  zinc  scums  were  put 
into  a  pot  close  beside  the  large  one  and  as  soon  as  this  was  filled  the 
alloy  was  liquated.  The  refining  of  the  desilverised  lead  was  then 
proceeded  with  in  the  manner  previously  described  (page  552).  The 
entire  process,  including  the  melting  of  the  lead,  lasted  21^  hours,  the 
time  taken  in  the  various  operations  being  as  follows  : — 

Melting  the  work-lead 6    hours. 

Melting  and  stirring  in  the  first  zinc ^  hour. 

Cooling  the  bath  and  removing  the  cupriferous  scum  2  J  hours. 

Reheating  and  melting  the  second  zinc 3        „ 

Stirring  in  the  zinc ^  hour. 

Cooling  the  bath  and  removing  the  firat  zinc  scum  .  3    hours. 
Reheating  the  bath  and  melting  the  third  zinc   .     .  2        „ 

Stirring  in  the  zinc ^  hour. 

Cooling  the  bath  and  removing  the  second  zinc  scum  3|  hours. 

The  consumption  of  fuel  for  desilverising,  including  that  used  in 
the  subsequent  refining  which  follows  on  immediately  in  the  same 
pot,  was  976  tons  of  coal  and  140  faggots  of  brush- wood  for  every  100 
tons  of  work-lead. 

At  Friedrichshiitte,  Upper  Silesia,  the  plant  consisted  of  a  refin- 
ing fiimace  and  5  pots  at  the  same  level,  each  with  a  capacity  of  20 
tons.  The  desilverising  and  the  refining  of  desilverised  lead  were 
carried  out  in  the  same  pots.  The  plant  recently  erected  is  arranged 
in  terraces,  and  comprises  2  refining  furnaces,  2  cast-iron  pots  each 
holding  36  tons,  and  a  furnace  for  dezincising  the  poor  lead.  The 
work-lead  contains  on  an  average  0*045  per  cent,  of  silver,  about  1 
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per  cent,  of  its  weight  ot  zinc  being  used.  The  desilverising  is 
performed  by  the  aluminium-zinc  process,  a  Hasse  stirrer  being 
employed. 

At  the  Mulden  Works  in  Freiberg  ^  lead  containing  O'l  percent,  of 
silver  is  submitted  to  this  process.  The  charge  employed  is  20  tons 
of  lead,  and  three  additions  of  zinc  are  made  at  intervals  of  five  hours, 
the  first  addition  consisting  of  220  lbs.,  the  second  of  165.  and 
the  third  of  89  lbs.,  the  total  amount  of  zinc  used  being  474  lbs., 
equal  to  1*485  per  cent,  of  the  charge  of  lead.  The  first  zinc  addition 
reduces  the  percentage  of  silver  from  0*1  down  to  0025 per  cent.,  and 
takes  out  also  the  greater  part  of  the  gold  present  (00004  per  cent, 
of  the  work-lead).  The  second  addition  reduces  the  silver  to  0*002 
per  cent.,  and  the  third  to  00007  per  cent.,  the  addition  of  zinc  being 
discontinued  when  the  proportion  of  silver  is  reduced  to  0001  per 
cent.  The  scums  are  ladled  into  the  liquation  pot  and  freed  fix)m  a 
part  of  the  lead  they  contain  by  liquation.  The  desilverising  opera- 
tion lasts  20  hours,  5  hours  for  melting  and  skimming  the  work-lead, 
and  5  hours  for  each  addition  of  zinc. 

Lead  refined  in  reverberatories  and  containing  0*1  to  0*8  percent, 
of  silver,  is  desilverised  at  Hoboken.  Each  pot  receives  a  50  ton 
charge  of  work-lead,  and  1  to  15  percent,  of  zinc.  The  desilverising 
occupies  from  16  to  24  hours  according  to  the  richness  of  the  lead, 
and  the  fuel  consumption  is  10  to  12  per  cent,  of  the  work-lead, 
inclusive  of  refining  and  liquation. 

In  the  United  States  4  additions  of  zinc  are  made  at  four-hourlv 
intervals  with  a  30  ton  charge.  Working  quickly  and  carefully  it 
is  possible  to  work  off  30  tons  with  4  zinc  additions  in  16  hours. 
If  the  gold  and  silver  scums  are  taken  off  together,  45  tons  can  be 
desilverised  in  5  hours,  each  pot  holding  30  tons  and  the  zinc  being 
added  in  3  portions  at  intervals  of  5  hours.  The  process  works 
most  quickly  when  the  zinc  is  added  in  two  lots  to  a  60  ton  charge 
of  lead,  each  lot  being  allowed  to  act  fix>m  6  to  8  hours.  The  weight 
of  coal  used  is  3-4  per  cent,  of  the  unrefined  lead. 

The  quantity  of  zinc  scum  and  its  content  of  silver  vary  between 
wide  limits.  Accoi-ding  to  Hofinan,^  when  hand  stirring  and  liqua- 
tion in  reverberatories  are  resorted  to,  1,500  tons  of  refined  lead 
containing  170  ounces  per  ton  of  silver  and  0*5  ounce  per  ton  of  gold, 
yield  5  per  cent,  of  liquated  gold  scum  and  8  per  cent,  of  liquated 
silver-zinc  scum.  The  zinc  consumption  is  1*5  per  cent,  and  0*2 
ounce  per  ton  of  silver  remain  in  the  pot  after  the  third  addition  of 

^  Plattner,  Jahrhuch  fur  das  Berg-  U7id  HiUteniifeaen  im  KCnigr.  Scxhaen^  1886. 
2  Op.  cit,  p.  464. 
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zinc.     Fifty-four  tons  of  coal  per  ton  of  unrefined  lead  are  used  in  the 
desilverising. 

When  Howard  s  stirrer  and  press  are  employed,  then  7*5  per  cent, 
of  zinc  scum  is  obtained,  as  against  13  per  cent,  in  the  previous  case. 
The  work -lead  contains  300  ounces  of  silver  and  a  few  Qunces  of 
gold  per  ton,  and  the  zinc  consumed  is  0*65  per  cent,  of  the  work- 
lejwi. 

Liquation  of  the  Zinc  Scums 

The  zinc  scums  taken  off  from  the  bath  still  retain  a  very  consider- 
able proportion  of  lead,  and  this  excess  of  lead  is  as  far  as  possible 
removed  before  the  next  operation.  This  removal  is  rendered  possible 
owing  to  the  fact  that  the  alloy  has  a  higher  melting  point  than  lead 
itself,  so  that  if  it  be  heated  to  the  melting  point  of  lead,  a  good  deal 
of  this  metal  drains  away,  leaving  the  solid  alloy  behind,  and  the 
higher  the  temperature  the  more  lead  is  removed.  When  the  tem- 
perature reaches  a  certain  point,  oxidation  of  the  zinc  and  lead  takes 
place,  and  a  mixture  of  oxides  of  zinc  with  various  oxides  of  lead  and 
the  triple  alloy  floats  on  the  surface  of  the  bath.  If  the  temperature 
be  raised  still  further,  argentiferous  lead  is  obtained,  and  a  mixture 
oF  oxides  of  lead  and  zinc,  and  in  this  case  that  part  of  the  silver 
that  was  previously  combined  with  the  zinc  oxide  goes  back  again 
into  the  lead.  If  the  zinc  oxide  could  be  thus  obtained  in  a  pure 
state,  the  separation  of  the  zinc  from  the  alloy  would  be  a  simple 
matter,  but  it  forms  a  tough  pasty  mass  with  the  oxide  of  lead  and 
retains  mechanically  a  good  deal  of  the  alloy,  rendering  a  complete 
separation  impossible.  If  the  oxide  of  zinft  be  present  in  large  pro- 
portion, the  mixture  no  longer  melts,  owing  to  the  infusibility  of  zinc 
oxide. 

Owing  to  these  circumstances  the  amount  of  lead  that  can  be 
liquated  out  from  the  alloy  mixture  is  dependent  on  the  manner  in 
which  the  alloy  is  to  be  treated  subsequently.  If  the  zinc  is  to  be 
separated  by  passing  steam  through  the  molten  alloy,  the  liquation 
must  not  be  carried  fiir,  as  the  presence  of  zinc  oxide  interferes 
with  its  fusibility,  whereas  if  the  distillation  method  is  adopted 
the  liquation  can  be  carried  much  further,  as  any  oxides  formed 
would  be  reduced  when  heated  with  charcoal  in  the  distilling  vessel. 

The  liquated  alloy  is  known  as  rich  scitm,  and  the  process  of  liqua- 
tion is  carried  out  either  in  pots  or  reverberatory  furnaces  or  with 
Howard  s  press.  Pots  are  made  of  cast-iron  and  most  advantage- 
ously placed  beside  the  desilverising  pots.     They  must  be  provided 
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with  an  exit  pipe  at  the  bottom,  if  the  rich  scum  is  to  be  subse- 
quently treated  by  the  distillation  process,  vessels  without  exit  pipes 
being  only  used  where  the  rich  scums  are  melted  and  treated  by 
steam  to  free  them  from  zinc,  in  which  case  scums  rich  in  lead  are 
left.  In  this  latter  method  a  dry  zinc  scum  or  one  poor  in  lead  is 
not  produced,  because  on  raising  the  temperature  of  the  rich  scum 
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Fig.  487. 
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separated  out  on  the  surface  of  the  bath,  a  portion  of  the  liquated 
lead  is  again  dissolved,  separating  out  on  the  cooling  of  the  bath  as 
a  scum  very  rich  in  lead.  If  pots  without  exit  pipes  are  used  for 
the  liquation  of  zinc  scums  which  are  to  be  distilled,  the  rich 
scum  obtained  by  the  first  liquation  must  be  submitted  to  o,  second 
treatment, 
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Pots  without  exit  pipes  are  generally  the  desilverising  pots  them- 
selves, if  the  rich  scum  is  to  be  treated  with  steam,  otherwise  they  are 
much  smaller  vessels.  Pots  with  exit  pipes  are  of  various  shapes, 
Figs.  437-439  showing  some  which  are  in  use  on  the  Continent, 
the  liquated  lead  flowing  from  them  into  pots  at  a  lower  level.  The 
pots  in  use  in  the  United  States  are  shown  in  Figs.  440-443,^  the 
liquation  pots  being  constructed  with  convex  bottoms,  so  as  to  allow 
of  the  spout  being  made  as  short  as  possible.  The  three  connected 
vessels  show  how  the  plant  is  arranged,  a  being  the  desilverising 
pot,  b  the  liquation  pot,  and  c  a  smaller  vessel  for  receiving  the 
liquated  alloy,  each  vessel  having  a  separate  fireplace. 

The  liquation  apparatus  in  use  at  Freiberg  is  shown  in  the 
Figs.  430-433.     If  the  gold  scum  has  to  be  kept  separate,  then  a 
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liquation  pot  stands  on  each  side  of  the  desilverising  pot,  one  being 
kept  for  the  gold  scum,  the  other  for  the  silver  scum. 

The  reverberatory  furnace  produces  a  dry  rich  scum,  in  a  shorter 
time,  and  the  formation  of  oxide  is  not  greater  than  when  the  opera- 
tion is  conducted  in  a  pot,  owing  to  the  reducing  atmosphere  that  is 
maintained.  The  hearth  is  constructed  either  of  cast-iron  or  fireclay, 
and  in  front  of  the  sloping  hearth  is  placed  a  heated  pot  to  receive  the 
liquated  lead.  The  cast-iron  hearth  rests  upon  a  layer  of  powdered 
fire-resisting  material  rammed  into  a  wrought-iron  pan  and  is  10  feet 
long,  5  feet  broad,  and  4  inches  high,  having  a  slope  of  3  inches 
towards  the  exit  spout,  and  the  furnace  has  two  working  doors  on 
each  of  the  long  sides. 

The  hearth  of  the  furnace  in  use  at  Omaha  consists  of  a  wrought 
iron  pan  lined  with  a  close  bed  of  firebrick  9  inches  thick,  12  tons  of 
zinc  scums  being  liquated  in  this  furnace  in  24  hours. 

The  liquation  fiimace  in  use  at  the  Broken  Hill  Proprietary 
Company's  works  at  Port  Pirie,  South  Australia,  is  represented  in 
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Figs.  444  to  447 ;  c  is  the  fireplace,  h,  h  are  the  working  oitenings,  a  is 
the  pot,  placed  before  the  fiimace  in  order  to  recuivc  the  liquaUii 
lead,  aod  heated  by  the  fireplace  g.  The  waste  gases  pass  through  the 
flue  e  into  the  chimney/. 


The  charge  for  this  furnace  is  IJ  to  2  tons  of  zinc  scum,  and  this 
amunnt  is  liquated  in  four  hours,  using  308  lbs.  of  coal  and  rtK[iiin'> 
the  attendance  of  one  workman. 

In  many  American  works  Howard's  alloy  press'  has  supplantfd 
the  old  liquation  methods.  This  press  consists  of  a  cast-iron  cylindi'r 
'  Hofman,  op.  rk.  p.  455. 
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a  (Figs.  448,  449)  22  to  26  inches  in  diameter,  with  *a  perforated 
hinged  bottom  &,  and  a  screw  press  c  operated  by  means  of  worm-gear 
d.  The  whole  is  enclosed  in  the  frame  e  and  suspended  from  the 
traveller /by  the  dififerential  pulley  A.     The  method  of  working  is  as 
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follows :  The  press  is  lowered  into  the  bath  of  lead  and  allowed  to 
remain  there  until  it  has  atta-ined  the  temperature  of  the  lead.  It 
is  then  raised  and  the  scum  introduced.  As  soon  as  it  is  filled,  the 
press  is  raised,  the  crust  stirred  with  an  iron  rod  to  remove  part  of 
the  lead,  and  pressure  is  applied.     The  unalloyed  lead  runs  back  into 
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the  pot.  The  press  is  now  pulled  to  one  side  and  the  bottom 
dropped,  so  that  the  cake  of  alloy  falls  out.  This  is  broken  into 
pieces  suitable  for  distillation.  The  bottom  is  then  replaced  in  the 
cylinder  and  the  operation  repeated  until  all  the  scum  has  been 
removed.  The  advantages  of  the  process  are,  that  it  does  away  with 
liquation  in  pots  or  reverberatories,  that  the  lead  can  be  easily 
separated  from  the  slightly  oxidised  alloy,  and  that  this  lead  ruus 
back  directly  into  the  pot. 

By  using  Howard  s  stirrer  and  press,  the  quantity  of  zinc  required 
has  been  reduced  to  0*65  per  cent,  of  the  work-lead  when  the  latter 
contains  300  ounces  per  ton  of  silver,  and  furthermore  the  silver 
content  of  the  scum  has  been  doubled.  The  scum  forms  7*5  per 
cent,  of  the  work-lead  as  against  13  per  cent,  of  reverberatoiy 
scums. 

The  presses  must  not  be  too  large  and  the  operation  must  be 
performed  quickly,  otherwise  cooling  takes  place  to  such  an  extent 
as  to  render  the  working  difficult  and  the  press  less  efficient. 
Thus  a  press  3  feet  in  diameter  yields  a  poorer  scum  than  one  2  feet 
in  diameter. 

The  two  products  of  the  liquation  process  are  rich  scum  and 
liquated  lead.  The  rich  scum  contains  1  to  10  per  cent,  of  silver,  and 
if  it  is  to  be  melted  and  dezincised  by  steam  it  must  be  rich  in  lead, 
and  contain  therefore  less  silver  than  scums  which  are  to  be  deprived 
of  their  zinc  by  distillation.  Scums  of  this  character  obtained  at  the 
Altenau  and  Lautenthal  works  had,  according  to  Rosing,  the  following 
composition : — 


Lead  .    .    . 
Lead  oxide 
Zinc   .    .    . 
Zinc  oxide 
Copper  . 
Silver     .    , 
Bismuth  oxide 
Antimony  „ 
Arsenious 
'Ferric 
Cadmium  . 
Nickel    .    . 
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Rich  scum  from  Rich  scum  from 

Altenau  work -lead.  Lautenthal  work-lead. 

75  675      77-82 


4-75 

11-78 

0-60 

112 

1-855 

1-72 

0-63 

traces 

1-87 

traces 

traces 


400 
1211 
0-44 
0-82 
2-42 
0-37 
0-98 

104 

traces 
traces 


At  Lautenthal  100  parts  of  work-lead  yielded  6  parts  of  rich 
scum. 
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At  Freiberg  the  scum  is  twice  liquated  and  the  lead  obtained 
thereby,  with  003  per  cent,  of  silver* and  1*3  per  cent,  of  zinc,  is 
again  desilverised. 

The  Freiberg  rich  scum  which  is  submitted  to  distillation  forms 
on  an  average  2*25  per  cent,  by  weight  of  the  work-lead  and  contains 
00153  per  cent,  of  gold,  4051  per  cent,  silver,  63*2  per  cent,  lead, 
2*68  per  cent,  copper,  and  39*7  per  cent,  of  zinc.  The  scum  formed 
after  the  first  zinc  addition  forms  1*73  per  cent,  of  the  work-lead  after 
liquation,  and  contains  0*0174  per  cent,  of  gold  and  4*67  per  cent,  of 
silver. 

The  scum  formed  on  the  second  zinc  addition  constitutes  after 
liquation  0*31  per  cent,  by  weight  of  the  work-lead  and  contains  0'0016 
per  cent,  of  gold  and  2'53  per  cent,  of  silver,  and  that  obtained  after 
the  third  zinc  addition  fonns  0*21  per  cent,  of  the  work-lead,  and 
contains  a  trace  of  gold  and  13  per  cent,  of  silver. 

At  Hoboken  near  Antwerp,  the  rich  scum  contains  10  to  15  per 
cent,  of  silver,  and  forms  4  to  6  per  cent,  of  the  work-lead. 

The  scums  obtained  in  the  United  States  works  (Newark, 
Pittsburg,  Cheltenham,  Chicago,  Aurora,  Kansas  City,  Omaha, 
Pueblo)  contain  from  4  to  10  per  cent,  of  silver,  and  are  generally 
submitted  to  distillation. 

The  lead  liquated  fi*om  the  scum  retains  a  considerable  amount  of 
silver  and  is  put  back  again  into  the  lead  to  be  desilverised. 

In  the  United  States  the  liquated  lead  from  work-lead  with  f  per 
cent,  of  silver  contains  0*3  to  0*6  per  cent,  of  silver,  if  from  the  auri- 
ferous scums,  and  0*093  to  01244  per  cent,  of  silver  if  from  the  first 
zinc  scum. 

Treatment  of  the  Desilverised  Lead 

The  desilverised  lead  is  either  refined  directly  in  the  desilverising 
pot  or  it  is  run  (better  syphoned)  into  a  special  refining  pot  or  refined 
in  a  reverberatory  furnace.  If  antimony  is  present  it  must  be  got 
rid  of  before  the  zinc  can  be  removed. 

The  various  methods  of  refining  have  been  previously  dealt  with 
(page  542). 

The  consumption  of  fuel  in  refining  the  work-lead,  desilverising 
the  same,  liquating  the  zinc  scums  and  refining  the  desilverised  lead 
in  reverbei-atory  furnaces,  averages  in  America  330  pounds  of  coal  for 
each  ton  of  work-lead,  that  is,  14  to  15  per  cent,  of  the  weight  of  the 
work-lead.     In  Hoboken  it  is  10  to  12  per  cent. 

At  the  Lautenthal  works  the  consumption  of  fuel  for  desilverising 
the   lead,  liquating  the   scums  and   refining   the  desilverised  lead 
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amounts  to  976  per  cent,  of  the  weight  of  the  work-lead,  the  refining 
being  in  this  case  conducted  in  the  desilverising  pots  which  last  about 
30  charges. 

At  Port  Pirie  the  pots  in  which  the  desilverising  is  carried  on  last 
150  charges,  but  the  refining  pots  only  50  charges. 

At  Cheltenham,  St.  Louis,  300  charges  of  36  tons  each  are  worked 
off  in  the  one  pot,  and  a  larger  pot  of  48  tons  lasted  half  a  year  at 
Omaha,  having  had  in  it  300  charges. 

The  Production  of  Rich  Lead  from  the  Zinc  Alloy 

This  is  effected  by  the  separation  of  the  zinc  from  the  alloj%  for 
which  purpose  the  following  methods  may  be  used  : — 

1.  Distillation  of  the  zinc  from  the  rich  scum. 

2.  Smelting  the  rich  scums  with  ferruginous  slags  in  bla^st 
furnaces. 

3.  Separation  of  the  zinc  by  cupellation. 

4.  Melting  the  scum  with  alkaline  chlorides. 

5.  Oxidising  the  zinc  by  steam  and  dissolving  out  the  zinc  oxide 
formed  from  the  resulting  mixture  of  oxides  of  lead  and  zinc,  and 
argentiferous  lead. 

Endeavours  have  also  been  made  to  separate  the  zinc  electro- 
lytically,  but  so  far  without  success.  Alloys  of  zinc  and  silver  with  a 
little  lead  have  however  been  successfully  treated  for  zinc  and  silver 
by  electrolytic  methods. 

The  onlv  methods  in  which  the  zinc  is  recovered  are  the  first  and 
fifth  processes,  the  zinc  in  the  first  case  being  obtained  in  the  metalHc 
state  and  in  the  latter  process  either  as  basic  carbonate,  oxide  or 
sulphate.     In  all  the  other  processes  the  zinc  is  lost. 

In  the  distillation  process,  the  zinc  is  recovered  in  the  metallic 
state  and  as  this  may  be  used  again  for  desilverising,  this  process  is 
to  be  preferred  to  the  others  on  account  of  the  high  pric^  of  zinc. 
This  is  the  case  in  spite  of  various  imperfections  in  the  process,  and 
a  lower  yield  of  silver  than  in  some  of  the  other  methods.  Only  in 
the  case  of  auriferous  copper  scums  which  contain  less  zinc  in  pni- 
portion,  and  that  chiefly  in  an  oxidised  condition  (blue  powder),  is 
the  smelting  process  or  the  steam  dezincising  to  be  preferred. 

The  method  by  which  the  zinc  is  obtained  as  basic  carbonate, 
oxide  or  sulphate,  even  though  it  gives  a  higher  yield  of  silver  than 
the  distillation  proceas,  cin  only  be  used  when  a  market  can  be  found 
for  these  products  at  a  high  price. 
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The  smelting  of  the  rich  scums  with  ferruginous  slags  in  blast 
furnaces  is  the  least  costly  method  of  separating  the  zinc,  but  it  is 
attended  with  considerable  loss  of  silver  and  with  the  loss  of  the 
whole  of  the  zinc,  and  can  only  be  used  when  the  price  of  zinc  is  very 
low. 

The  separation  of  the  zinc  in  the  cupellation  furnace  entails  the 
loss  of  all  the  zinc  and  of  considerable  quantities  of  silver  and  is 
practically  not  in  use. 

Melting  with  alkaline  chlorides  also  occasions  considerable  silver 
loss,  and  the  zinc  is  converted  into  a  worthless  slag,  so  that  this 
method  cannot  be  recommended. 

1.  The  Distillation  of  the  Zinc  Scums 

By  means  of  this  process  the  zinc  can  be  quickly  recovered  from 
the  scum,  mostly  in  the  metallic  state,  though  there  is  a  certain  loss 
of  silver  and  zinc  by  volatilisation  owing  to  leakages  in  the  retorts, 
and  the  retention  of  silver  and  zinc  in  the  retort  residues.  In  other 
respects  the  process  is  very  simple.  The  scum  is  heated  above  the 
boiling  point  of  zinc  in  a  retort  provided  with  a  receiver,  the  zinc 
volatilises,  condenses  partly  as  metal  and  partly  as  oxide,  or  wholly 
as  oxide,  and  the  argentiferous  lead  remains  behind  in  the  receiver. 

The  material  of  which  the  retort  is  made  must  be  such  that  it  is 
neither  attacked  by  the  lead  in  the  scum  nor  by  the  ashes  of  the  fuel, 
and  consequently  plumbago  crucibles  are  chiefly  used,  or  clay  crucibles 
with  a  graphite  or  charcoal  lining.  The  vessels  are  either  tubes,  pear- 
shaped  retorts,  or  crucibles,  and  the  receivers  either  old  retorts  or 
conical  or  pear-shaped  clay  tubes,  or  else  vessels  of  cast-iron. 

The  furnaces  used  for  heating  the  retorts  may  be  made  movable, 
so  that  they  can  be  tilted,  or  they  may  be  fixed,  and  they  are  heated 
with  coal,  coke  or  gas.  The  best  and  cheapest  form  are  fixed  tubular 
furnaces  heated  by  gas,  and  these  are  usually  employed  except  under 
certain  local  conditions. 

Movable  furnaces  or  tilting  furnaces  are  at  present  heated  only 
with  coke.  Faber  du  Faur  has  introduced  such  a  furnace  heated  by 
gas  or  coal,  but  it  has  not  come  into  actual  use. 

Coke-fired  tilting  furnaces  called  Faber  du  Faur  furnaces  after 
their  inventor  are  in  general  use  in  the  United  States,  and  were 
first  introduced  at  the  Balbach  works  at  Newark,  New  Jersey.  Such 
a  furnace  is  also  in  use  at  the  works  at  Mechemich. 

These  furnaces  are  almost  cubical  in  shape,  supported  on  trunnions, 
and  movable  in  much  the  same  manner  as  a  Bessemer  converter. 
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Each  furnace  holds  only  one  retort.     The  arrangement  of  such  s 
furnace  is  shown  in  Figs.  450  to  454.     The  sides  of  the  furnace  art 


of  cast-iron  plates,  lined  with  fire-brick,  the  top  being  foimed  by  an 
arch  U  having  an  opening  o  for  the  introduction  of  the  coke.  The  retort 
r  ia  pear-shaped  and  rests  on  a,  small  fire-clay  support/,  which  in  ita  turn 
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is  suppoiiied  on  a  bed  of  fire-brick.  The  latter  is  either  supported  on 
an  arch  as  shown  in  the  drawing,  or  else  rests  on  an  iron  plate  ;  h  is  the 
flue,  and  v  the  grate  of  wrought-iron  bars  placed  on  edge.  The  furnace 
is  tilted  by  the  worm  s,  gearing  into  the  toothed  wheel  z.  Such  a 
furnace  measures  about  5  feet  on  each  side,  and  holds  264  lbs.  of  rich 
scum,  but  at  present  larger  furnaces  are  being  used,  holding  8  to 
10  cwts.  of  rich  scum,  and  the  lining,  which  in  the  earlier  furnaces 
was  4J  inches  thick,  is  now  made  only  half  that  thickness,  and  in 
some  cases  the  walls  are  water-jacketed. 

The  retorts  were  formerly  made  of  a  mixture  of  raw  and  burnt 
clay,  with  25  per  cent,  of  graphite,  but  at  present  they  are  made  of 
graphite,  with  just  suflScient  clay  to  make  it  coherent,  the  proportion 
of  graphite  according  to  Hofman^  being  50  per  cent.  A  retort  to 
hold  8  to  9  cwts.  of  scum  is  3  feet  high,  8  inches  in  dialneter  at  the 
neck,  18  inches  at  the  belly,  and  13  inches  at  the  bottom.     The  walls 
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are  1 J  inches  thick  at  the  neck,  increasing  to  2  inches  at  the  bottom. 
A  retort  holding  12  to  14  cwts.  is  represented  in  Fig.  455.  The 
separate  furnaces  are  either  arranged  side  by  side  along  one  side  of  a 
main  flue,  or  else  on  either  side  of  the  flue,  or  arranged  in  a  group  of 
six  or  eight  furnaces  around  a  central  chimney. 

The  working  of  the  retorts  consists  in  first  charging  them  with 
the  rich  scujn,  mixed  with  1  to  3  per  cent,  of  charcoal,  and  then 
quickly  raising  the  temperature  to  a  white  heat,  and  maintaining  it 
at  that  point.  After  filling  the  retorts,  the  condenser,  made  out  of 
an  old  retort,  is  attached,  and  the  joint  made  tight  with  clay.  The 
higher  the  temperature  the  more  quickly  the  distillation  proceeds, 
and  it  is  finished  when  no  more  zinc  collects  in  the  condenser.  The 
receiver  is  now  removed,  and  the  furnace  tilted  so  as  to  empty  the 
contents  in  the  liquid  state  into  a  slag  pot.     The  residue  in  the  retort 


1    7» 


The  Metallurgy  of  Lead, 


668 


METALLURGY 


is  then  scraped  out,  and  the  ftirnaee  brought  again  into  the  upright 
position.  Some  charcoal  powder  is  thrown  in  to  prevent  the  oxidation 
of  any  lead  remaining  in  the  retort,  and  a  fi-esh  charge  is  introduced, 
the  teeming  and  filling  occupying  20  minutes. 

The  process  last^  5  to  6  hours ;  and  the  retorts  stand  30  to  40 
charges,  the  consumption  of  coke  being  on  an  average  55  per  cent,  of 
the  weight  of  the  scum.  When  petroleum  is  burnt  instead  of  coke,  a 
1000  pound  charge  requires  in  6  hours  52  gallons  if  the  oil  is  sprayed 
by  means  of  steam,  or  26  gallons  in  5  hours  if  sprayed  with  air.  One 
man  attends  to  2  to  4  furnaces  in  each  12-hour  shift.  Of  the  entire 
amount  of  the  zinc  in  the  scum  about  75  per  cent,  is  recovered  in  the 
metallic  state,  the  remainder  being  obtained  as  an  oxidised  powder, 
known  as  blue  powder.  Of  the  zinc  used  in  desilverising,  60  per 
cent,  is  obtained  as  metal.     This  is  increased  10  per  cent,  by  the  use 
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of  Howard  s  stirrer  and  press.  The  blue  powder  contains  17  to  18 
ounces  of  silver  per  ton,  and  forms  ^^^  of  the  whole  zinc. 

The  rich  lead  remaining  after  the  distillation  contains  on  an 
average  10  per  cent,  of  silver.  . 

At  Cheltenham,  St.  Louis,  the  retort  charge  amounts  to  950  lbs., 
the  distillation  lasting  8  hours  and  consuming  450  *  lbs.  of  coke ; 
one  workman  attends  to  two  furnaces. 

Stationary  furnaces  are  provided  with  retort?,  tubes  or  crucibles 
as  distilling  vessels,  and  are  heated  with  coke,  coal  or  gas.  In 
the  United  States  this  form  of  furnace  is  now  rarely  used,  though 
those  at  Cheltenham,  St.  Louis,  may  be  mentioned  where  they  are 
used,  together  with  the  Paber  du  F«aur  furnace,  and  the  Tatham 
stationary  furnace. 

The  Cheltenham  coal  fired  furnace  is  shown  in  Fig.  456,  a  being 
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the  grate,  A  the  plumbago  retort,  b  the  receiver,  and  d  the  flue. 
The  charge  consists  of  630  lbs.  of  rich  scum, and  the  coal  consumption 
amounts  to  700  lbs.,  the  distillation  lasting  8  to  10  hours.  The 
Tatham  furnace  fired  with  coke  is  used  at  the  Delaware  lead  works  ; 
it  is  shown  in  Fig  457  where  a  is  the  retort,  h,  b,  b  the  openings  into 
the  flue.  The  coke  is  charged  from  the  top,  and  the  ashes  removed 
through  the  opening  z     A  charge  weighs  500  lbs. ;  the  rich  lead 


after  distillation  is  tapped  from  the  bottom  of  the  retort,  the  retort 
residues  being  scraped  out  through  the  neck. 

The  furnace  employed  at  Port  Pirie,  South  Australia,  heated  by 
coal,  is  shown  in  Figs.  458-460 ;  a  is  the  retort,  b  the  grate,  and 
c  the  chimney  flue.  Four  such  furnaces  are  placed  side  by  side,  and 
the  charge  for  each  retort  amounts  to  750  lbs.,  two  charges  being 
worked  in  24  hours.  The  coal  consumption  runs  to  about  100  per 
cent,  of  the  weight  of  the  rich  scum    and  each  retort  lasts  on  an 
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average  30  charges.     One  workman  attends  to  the  four  fumacea. 
The  rich  lead  obtained  contains  15  per  cent,  of  silver. 

At  the  majority  of  continental  works,  stationary  furnaces  heated 
by  gas  and  having  tubular  distilling  vessels  are  used  ( Fried richshUtte 
Braubech,  Ems,  Binsfeldhammerhtltte  and  MUnsterbach  near  Stolberg, 
Hoboken  near  Antwerp).  As  many  as  five  retorts  may  be  placed 
in  a  furnace,  and  they  are  either  constructed  of  graphite,  with  the 
requisite  amount  of  clay,  or  else  they  are  of  clay  with  a  clay  and 
carbon  lining,  the  carbon  being  added  as  coke,  charcoal,  coal  or 
graphite  (Landsberg's  patent).  The  largest  retorts  are  2  feet  high 
and  2  feet  3J  inches  in  diameter,  and  hold  1  ton  of  zinc  scum  (Bins- 
feldhammerhUtte).     The  reccivera  are  either  cylindrical  or  cylindrical 


with  an  enlargement  in  the  middle  or  skittle-shaped,  and  last  on  the 
average  for  30  charges  each. 

The  arrangement  of  the  older  furnaces  at  Friedrichshtltte,  Upper 
Silesia,  is  shown  in  Figs.  461  to  463,  the  later  furnaces  having  five 
retorts  instead  of  three.  H  is  the  gas  producer  and  R  the  heating 
chamber,  the  air  necessary  for  combustion  entering  at  y,  passing 
through  the  channels  h,  k,  and  after  being  heated  in  this  way  passing 
through  the  slot  v  into  the  space  w,  where  it  mixes  with  the  gas.  ITic 
distilling  vessels  made  of  graphite  and  fireclay  are  shown  at  x,  and 
«,  u  are  the  receivers  for  collecting  the  zinc,  the  liquid  silver-lead  alloy 
remaining  after  the  diBtillation  being  tapped  out  at  p.  The  waste 
products  of  combustion  pass  along  the  6ue  n  to  the  chimney  J. 

The  later  form  of  furnace  is  very  similar  but  has  5  retorts  instead 
of  3,  each  retort  holding  5  cwts.  of  rich  scum  requiring  12  hours  for  its 
distillation.  The  rich  lead  is  then  run  out  and  a  charge  of  3  cwts.  of 
rich  scum  is  introduced  and  distilled  for  a  further  period  of  12 
hours,  and   the  rich  lead  again   tapped   off.     To   the  residue  now 
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renmining  in  the  retort  ji  cwt.  of  liquated  lead  containing  0003  per 
cent,  of  silver  from  the  liquation  of  the  rich  scums  is  added  in  order 
to  extract  the  greater  part  of  the  silver  from  the  residue,  and  after  a 
further  heating  of  an  hour's  duration,  the  lead,  containing  now  075 
per  cent,  of  silver,  is  tapped  off.  The  lead  is  added  to  the  residue  in 
the  form  of  small  bare  weighing  ^  cwt.  each.  The  residue  which 
now  remains  is  smelted  with  iron  refineiy  slag  and  lime,  yielding  a 


rich  lead.  A  retort  lasts  on  an  average  35  charges,  7  retorts  being 
required  for  the  distillation  of  100  tons  of  rich  scum.  The  fuel 
consumption,  including  the  cinder  employed  as  a  reducing  agent  in 
the  retorts,  varies  from  95  to  100  per  cent,  of  the  weight  of  the  rich 
scum  distilled. 

At  the  Friedrichshiltte,  where  lead  containing  005  to  01  per 
cent  of  silver  is  desilverised,  the  zinc  scums  after  liquation  and 
distillation  leave  a  rich  lead  containing  1  per  cent,  of  silver.  This  is 
again  desilverised  with  zinc,  and   the  scums  again   distilled   after 
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liquation,  yielding  a  rich  lead  with  7  per  cent,  of  silver,  which  is  then 
cupelled.  In  the  working  year  1892-3  the  yield  from  the  liquated 
rich  scum  was : — 

68  per  cent.  Rich  lead. 

14       „  Zinc. 

10        „  Scrapings. 

At  Braubach  there  are  2  retorts  placed  side  by  side  in  one 
furnace.  Each  retort  is  charged  with  5^  cwts.  of  rich  scum  mixed 
with  1  per  cent,  of  wood  charcoal.  The  distillation  lasts  from  12  to 
13  hours  and  the  products  are  60  per  cent,  of  rich  lead  containing  10 
to  12  per  cent,  of  silver  and  2  per  cent,  of  zinc,  3  per  cent,  of  skim- 
mings containing  70  per  cent,  of  zinc  and  20  per  cent,  of  copper,  and 
35  per  cent,  of  zinc.  The  yield  of  zinc  is  said  to  be  equal  to  96  per  cent, 
of  the  total  amount  used.  The  retorts  are  constructed  according  to 
Landsberg's  patent  and  are  said  to  last  150  distillations;  the  fuel 
consumption  amounts  to  60  or  70  per  cent,  of  the  weight  of  the  rich 
scum. 

At  Hoboken,  near  Antwerp,  where  gas  furnaces  and  retorts  similar 
to  those  of  Braubach  are  in  use,  every  100  parts  of  rich  scum  require 
56  to  70  parts  of  coal  and  1  part  of  charcoal.  Plumbago  crucibles 
are  also  in  use ;  with  these  100  parts  of  rich  scum  containing  10  to 
15  per  cent,  of  silver  require  60  per  cent,  of  coke,  and  yield  20-30 
parts  of  zinc,  57-70  parts  of  rich  lead,  and  8-12  parts  of  retort 
residues. 

At  Freiberg  the  rich  scums  are  distilled  in  plumbago  crucibles 
(Morgan's  patent),  each  placed  in  a  separate  circular  wind  furnace  31 
inches  across  and  36  inches  deep  to  the  grate  level.  The  furnace  is 
charged  from  the  top  after  removing  the  fireclay  cover.  The  plumbago 
crucible  15f  inches  across  at  the  top,  21  f  inches  high  and  2  inches 
thick,  is  provided  with  a  plumbago  cover  8  inches  high,  and  with  a 
plumbago  delivery  tube  20  inches  long,  3J  inches  wide  and  1  inch 
thick  in  the  walls.  This  exit  tube  opens  into  an  iron  box  19J^  inches 
high,  7  inches  wide  at  the  top  and  10  inches  wide  at  the  bottom,  in 
which  the  iinc  vapours  condense. 

The  arrangement  of  the  furnace  with  crucible  and  receiver  is 
shown  in  Fig.  464,  where  t  is  the  crucible  with  cover  v^  E  the  heating 
chamber,  x  the  grate,  m  the  exit  tube  for  the  zinc  vapour^  and  P  the 
receiver.  The  cnicible  rests  on  the  stand  z,  and  can  be  lifted  out  after 
removing  the  cover  D,  Coke  is  used  as  fuel,  and  is  packed  round 
the  crucible,  resting  on  the  grate  x,  and  the  waste  products  of  con  - 
bustion  pass  out  into  the  chimney  by  the  flue  u. 
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The  zinc  scum  is  mixed  with  1  per  cent,  of  coarse  charcoal 
powder  and  charged  into  the  crucible  after  the  bottom  of  the  latter 
has  been  covered  with  a  layer  of  pieces  of  charcoal,  4J  cwts.  of  scum 
constituting  a  charge.  AftKir  the  hood  has  been  luted  on,  the  space 
between  the  crucible  and  the  furnace  walls  is  flUed  with  pieces  of 
coke  of  the  size  of  walnuts  or  hen's  eggs,  and  then  up  to  half  the 
height  of  the  hood  with  glowing  coke  and  the  cover  of  the  furnace  is 
placed  in  position.  As  soon  as  the  carbon  monoxide  flame  is  seen  at 
the  end  of  the  exit  pipe,  the  condenser  cover  is  fastened  on  and  the 
zinc  collects  in  a  lump  in  the  receiver,     The  distillation  lasts  8  to  9 


hours,  and  from  100  parte  of  rich  scum  the  following  products  are 
obtained : — 

6717  pet  cent,  rich  lead  containing  0  0186  par  cent,  of  gold  and  735  per  cent,  of 

S'SS  per  cent,  of  residues  containing  0*1 12  per  cent,  of  gold,  4*608  per  cent,  of 
silver,  and  3-5  per  cent,  of  copper. 
29 'M  per  oent.  metallic  zinc. 
6-35  per  cent,  zinc  in  the  form  of  wtio  dust  and  aorapings  (7*22  per  cent.). 

90'4  per  cent,  of  the  zinc  content  of  the  rich  scum  is  recovered,  that 
is,  50  per  cent,  of  the  zinc  used  in  desilverising.  The  consumption  of 
fuel  amounts  to  376  to  440  lbs.  of  coke  for  4  to  4J^  cwts.  of  rich  scum, 
and  one  crucible  lasts  for  80  charges. 

At  Bagilt,  in  Flintshire,  plumbago  crucibles  are  also  in  use  for  the 
vol.  I  >fT««AR>V      "  ^ 
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distillation  of  zinc  from  the  rich  scums.  Each  crucible  holds  540  to 
628  lbs.  of  rich  scum,  and  the  distillation  lasts  8  hours,  352  lbs.  of  the 
best  coke  being  used  for  each  charge ;  15  per  cent,  of  the  weight  of 
the  rich  scum  in  zinc  is  recovered,  that  is,  45  per  cent,  of  the  zinc 
used  for  desilverising.  The  retort  residues  amount  to  15  per  cent 
of  the  weight  of  the  charge  and  they  are  smelted  with  rich  litharge 
in  reverberatory  furnaces. 

Every  1,000  tons  of  rich  scum  require  94'6  crucibles  (costing  £5 
each).  The  coke  used  for  this  quantity  is  625  tons,  the  distillation 
in  crucibles  with  coke  being  more  costly  than  when  gaseous  fuel 
is  used. 

When  the  scum  contains  tellurium,  part  of  this  passes  into  the 
blue  powder,  and  part  remains  in  the  rich  lead ;  some  is  precipitated 
on  the  walls  of  the  receiver  as  zinc  telluride,  and  a  very  small  amount 
is  found  in  the  distilled  zinc.  Zinc  telluride  is  carmine  red  in  colour, 
but  on  standing  in  the  light  it  becomes  dark  grey.  The  following 
table  shows  the  distribution  of  tellurium  and  some  other  elements  in 
the  various  products  of  distillation  of  zinc  at  Pertusola  in  Italy.^ 
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The  above  figures  are  percentage  values.  The  gases  collected  in 
the  receiver  contain  1*4  per  cent.  COj,  55*2  per  cent.  CO,  and  43*4  per 
cent.  N. 

Rosing  has  suggested  distilling  the  zinc  from  the  rich  scum  by 
the  aid  of  intensely  heated  molten  pig  iron,  the  high  temperature  of 
which  would  cause  the  zinc  to  distil  off,  the  argentiferous  lead 
collecting  below  the  molten  metal.  The  process  is  to  be  conducted 
in  basic  lined  vessels  placed  in  a  tilting  furnace,  and  by  tilting  the 
furnace  the  iron  would  flow  out  first  and  could  be  employed  again, 
and  the  rich  lead  would  follow.  Up  to  the  present  this  pix)cess  has 
not  come  into  use. 

*  Hebcrlein,  Benj-  und  HiiiUnm.  ZUj,  1895,  p.  41.     Hofman,  op.  cU.  490. 
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As  zinc  boils  in  a  vacuum  at  a  much  lower  temperature  than  at  the 
ordinary  pressure,  the  question  suggests  itself  as  to  whether  suitable 
apparatus  could  not  be  devised  for  effecting  the  distillation  under 
reduced  pressure. 

2.  Smelting  Rich  Scum  with  Ferruginous  Slags  in  the  Blast 

Furnace 

By  smelting  the  rich  scum  in  this  way  it  is  possible  to  slag  off  the 
greater  part  of  the  zinc,  and  to  volatilise  the  remainder,  and  thus  to 
obtain  a  rich  silver-lead  alloy.  By  using  a  low  blast  pressure  the 
volatilisation  of  lead  and  silver  can  be  greatly  diminished. 

This  process  was  devised  by  Flach  and  Sieger,  and  is  known  as 
the  Flach  process,  and  in  the  case  of  scums  rich  in  zinc  is  attended 
with  considerable  loss  of  silver  through  volatilisation  and  loss  in  the 
slag.  These  losses  are  the  smaller,  the  higher  the  lead  content  of  the 
zinc  scums  in  proportion  to  the  zinc  present,  but  in  this  case  the 
resulting  rich  lead  will  be  poorer  in  silver,  giving  rise  to  greater  losses 
in  cupellation. 

Even  with  scums  rich  in  lead  the  resulting  slags  cannot  be  rejected 
as  worthless,  but  must  be  further  smelted  in  order  to  recover  the 
silver  they  contain.  The  high  zinc  content  of  these  slags  renders  the 
smelting  difficult  and  costly,  and  leads  to  further  losses  of  silver  in  the 
slags  and  by  volatilisation. 

In  this  process  the  zinc  is  completely  lost,  though  the  method  is 
simple  and  cheap,  and  was  largely  used  on  these  grounds,  but  on 
account  of  the  disadvantages  mentioned  it  has  been  replaced  by  the 
distillation  process  in  most  works. 

As  long  as  the  price  of  zinc  remains  so  high  that  the  cost  of  dis- 
tillation is  covered  by  the  zinc  recovered,  and  provided  that  the  silver 
losses  in  both  processes  are  about  equal,  the  distillation  process  will 
continue  to  retain  the  advantage  over  Flach *s  method. 

3.  Cupellation  of  the  Rich  Scums 

The  separation  of  zinc  from  the  rich  scums  by  an  oxidising  melt- 
ing with  additions  of  litharge,  is  attended  with  a  high  loss  of  silver. 
In  addition  to  this,  skimmings  rich  in  silver  and  zinc  are  produced 
which  need  subsequent  treatment  in  blast  furnaces,  this  after- 
treatment  being  in  its  turn  attended  with  considerable  loss  of  silver. 
The  process  was  formerly  carried  on  in  some  places  in  cupellation 
hearths,  in  combination  at  times  with  cupellation  of  the  lead,  but 
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is  not  now  in  use,  as  not  only  was  the  loss  of  silver  great,  but  the 
whole  of  the  zinc  was  also  lost. 

4.  Melting  Zinc  Scums  with  Alkaline  Chlorides 

The  object  of  this  process  was  to  convert  the  zinc  into  chloride  by 
the  action  of  molten  alkaline  chlorides.  It  was  formerly  in  use  in 
some  continental  works,  but  is  now  entirely  abandoned,  as  it  was 
costly  and  troublesome,  and  the  zinc,  not  volatilised  as  chloride, 
formed  a  worthless  slag  containing  the  same  compound. 

5.  The  Oxidation  of  the  Zinc  by  Steam 

In  this  process  the  rich  scum  is  converted  into  a  mixture  of 
zinc  oxide,  lead  oxide,  and  rich  silver-lead  by  the  action  upon  it  of 
steam  under  pressure.  From  this  mixture  the  zinc  oxide  may  be 
dissolved  out  by  means  of  acids  or  by  a  solution  of  ammonium  carbon- 
ate, and  the  zinc  obtained  as  basic  carbonate,  oxide  or  sulphate. 

This  process  gives  the  largest  yield  of  silver  of  any  of  the  methods 
of  treating  the  scum,  but  it  is  complicated  and  costly,  and  can  only  be 
used  when  the  zinc  bye-products  can  be  disposed  of  at  high  prices. 
If  the  price  of  metallic  zinc  is  high  as  compared  with  that  obtained 
for  zinc  products,  the  distillation  process  is  preferable. 

The  process  demands  a  scum  rich  in  lead  and  consequently  poor  in 
silver,  as  otherwise,  owing  to  its  difficult  fusibility,  its  decomposition 
by  steam  is  incomplete.     The  process  is  seldom  used  now. 

The  method  of  treating  the  zinc  scum  by  means  of  steam  was 
suggested  by  Corduri^  and  first  used  at  Rothschild's  works  near  Havre ; 
it  is  therefore  known  as  the  Corduri^  process. 

The  process  consists  in  passing  steam  at  1|^  to  5  atmospheres 
pressure  into  the  red-hot  molten  alloy  contained  in  cast-iron  or  cast- 
steel  pots  provided  with  hoods  and  exit  tubes. 

The  zinc  contained  in  the  red-hot  alloy  decomposes  the  steam 
into  its  elements,  the  zinc  combining  with  the  oxygen  forming 
zinc  oxide,  and  hydrogen  being  liberated.  As  during  the  melting 
of  the  alloy  and  also  during  the  decomposition,  air  cannot  be  alto- 
gether excluded  (there  must  be  no  back  pressure  of  gas  above 
the  bath  of  metal,  otherwise  explosions  would  be  caused  by  the 
hydrogen),  a  considerable  amount  of  the  lead  is  oxidised  as  well 
as  zinc,  and  a  mixture  of  lead  and  zinc  oxides  is  obtained.  This 
mixture,  which  is  at  first  entangled  amongst  the  molten  lead,  but 
separates  after  a  time,  forms  a  loose  greyish-green  powder  on  the 
surface  of  the  bath.     The  undecomposed  lead  collects  at  the  bottom  of 
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the  vessel,  the  greater  part  of  the  lead  having  already  liquated 
out  during  the  melting  of  the  scum,  though  a  portion  of  it  remains 
entangled  in  the  form  of  small  shots  in  the  oxides  fonned.  Copper 
and  antimony  are  partly  oxidised  by  the  air  present  and  partly  remain 
behind  with  the  lead. 

The  products  of  the  operation  are  thus  a  metallic  portion  consist- 
ing of  the  lead-silver  alloy,  and  an  oxidised  portion  consisting  of  a 
mixture  of  zinc  and  lead  oxides  containing  all  the  zinc  present  origin- 
ally in  the  scum,  entangling  some  portions  of  the  metallic  product 
and  forming  a  powdery  mass  lying  above  the  metallic  portion. 

At  Lautenthal  and  Altenau  where  rich  scums,  the  composition  of 
which  has  previously  been  stated  (page  662),  are  subjected  to  this 
process,  the  metallic  portion  contains  2  to  4  per  cent,  of  silver  and 
the  oxidised  portion  1  to  2  per  cent.,  the  detailed  composition  of  the 
two  products  at  both  works,  according  to  Rosing,  being  as  follows : — 


Lead    . 
Zinc     . 
Copper 
Silver  .     . 
Bismuth  . 
Antimony 
Iron      .     . 
Cadmium 
Nickel 


Metallic  Portion. 

Altenau.  Lautenthal. 

.  96-3448 951404 

.    00027 00023 


0-8279 

2-41 

00142 

0-3914 

0-0054 

traces 

00036 


0-4645 

3-65 

0-0169 

0-7201 

00044 

traces 

00014 


Oxidised  Portion. 


Altenau. 

Lead 37845 

Lead  oxide      .     .     .     3214 
Zinc 1-35 


Lautenthal. 

30-065 

36-87 

1-9 


Zinc  oxide      .     .     .     2337 23*24 

Copper 112 124 

Silver 1*245 1-855 

Bismuth  oxide  (Bi.Os)  043 0-44 

Antimony  oxideCSbjOg)  106 0-57 

Arsenious  oxide  .     .     traces 

Ferric  oxide    .     .     .       1*44 3-82 

Cadmium 
Nickel 


}... 


traces 


traces 
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At  Lautenthal  a  poi-tion  of  the  rich  scum  is  melted  in  charges  of 
10  tons  in  a  cast  iron  pot  furnished  with  a  hood  of  iron  plate.  The 
pot  is  arranged  similarly  to  that  figured  on  pages  550 — 551,Figs.  376 to 
878,  and  used  for  lead  softening.  The  melting  proceeds  only  slowly  on 
account  of  the  zinc  and  the  oxides  present,  and  after  8  hours  the  rich 
scum  is  found  in  a  semi-molten  condition  and  at  a  red  heat.  Steam 
at  two  atmospheres  pressure  is  now  admitted  at  the  bottom,  and  acts 
energetically  upon  the  zinc,  which  is  completely  oxidised  at  the  end 
of  4  hours,  the  completion  of  the  process  being  indicated  when  a 
sample  withdrawn  from  the  pot  ceases  to  show  any  zinc  flame. 

As  a  certain  amount  of  argentiferous  flue  dust  is  carried  over  by 
the  steam,  the  vapours  from  the  pot  must  be  conducted  through  a 
condenser  made  as  long  as  possible  in  order  that  the  flue  dust  may 
be  deposited.  At  intervals  the  condenser  must  be  provided  with 
exit  valves  opening  outwards  and  furnished  with  hydraulic  lutes  in 
order  to  aflford  a  means  of  relief  in  case  of  explosion  of  the  hydrogen 
and  air.  Such  explosions  are  easily  caused  if  the  pressure  in  the  hood 
above  the  bath  of  metal  is  increased,  and  the  gases  collecting  there 
must  be  drawn  off  as  quickly  as  possible  by  maintaining  a  good 
draught  which  may  be  effected  by  means  of  a  steam  jet. 

The  flue  dust  collected  at  Lautenthal  has  the  following  com- 
position : — 


Zinc  oxide 
Zinc  .     . 
Lead  oxide 
Lead  .     . 
Silver     . 
Copper    . 


69 '6  Arsenic trace 

012  Antimony  ....  0-17 

28-2  Ferric  oxide     .     .     .  0*34 

0*71  Alumina     ....  024 

003  Insoluble  residue  .  0*42 
017 


This  flue  dust  is  extracted  with  acids  with  the  object  of  recover- 
ing the  silver,  the  latter  remaining  in  the  insoluble  i*esidue. 

Each  pot  lasts  for  about  12  charges,  and  from  every  100  parts  of 
rich  scum  about  50  to  54  parts  of  rich  lead  and  46  to  60  parts  of 
oxide  are  obtained.  The  coal  consumed  is  about  13  per  cent,  by 
weight  of  the  rich  scum,  9  per  cent,  being  used  for  heating  the  pot 
and  4  per  cent,  for  the  generation  of  steam,  and  one  workman  is 
required  for  each  pot.  The  rich  lead  produced  is  cupelled,  whilst 
the  mixture  of  oxides,  after  being  deprived  of  the  zinc  contained  in  it, 
is  added  to  the  rich  lead  in  the  cupellation  process: 

At  present  desilveiising  is  carried  out  at  Lautenthal  by  the 
aluminium-zinc  process,  and  only  the  scums  containing  gold  and  copper 
are  treated  with  steam.    The  method  is  the  same  as  that  sketched 
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above,  110  lbs.  of  crude  zinc  being  used  for  16  tons  of  work-lead. 
The  first  product  is  a  copper  scum,  which  after  liquation  yields  a  rich 
alloy  containing  0*35  to  047  per  cent,  of  silver,  and  an  oxide  dust 
with  03  to  0*4  percent,  of  silver ;  both  the  alloy  and  the  dust  contain 
gold.  Treatment  with  sulphuric  acid  removes  the  zinc  from  the  dust 
and  leaves  an  auriferous  residue.  This  is  added  to  the  rich  alloy  and 
the  whole  then  refined  in  reverberatories,  and  afterwards  in  pots,  15 
tons  of  the  alloy  and  176  lbs.  of  zinc  going  to  each  pot.  A  second 
copper  scum  is  thus  obtained,  which  is  liquated  and  then  subjected  to 
the  steam  treatment,  the  products  being  rich  lead  containing  0*75 
per  cent,  of  silver,  and  gold-bearing  oxides  containing  0*5  to  065  per 
cent,  of  silver.  The  latter  are  extracted  with  sulphuric  acid  and  the 
residue  which  now  contains  0*75  per  cent,  of  silver  is  cupelled  along 
with  the  auriferous  lead. 

The  Lixiviation  of  the  Oxides  Produced  in  Dezincising 

The  oxidised  portion  was  formerly  added  directly  to  the  cupella- 
tion  of  the  rich  lead  without  any  previous  separation  of  the  zinc.  In 
this  case  it  was  not  possible  to  get  the  entire  silver  content  of  the 
oxides  completely  into  the  rich  lead,  and  the  zinciferous  oxides  left 
after  the  cupellation  still  contained  0*4  per  cent,  of  silver.  These 
oxides  were  smelted  with  a  rich  lead  flux  (litharge)  producing 
argentiferous  lead,  or  else  they  were  smelted  with  argentiferous 
galena. 

In  both  cases,  loss  of  silver  in  the  slag  was  unavoidable,  and  these 
processes  were  replaced  by  the  one  now  employed,  in  which  the 
mixture  of  oxides  is  first  extracted  with  acids  in  order  to  dissolve  out 
the  zinc  contained  in  it.  The  lixiviated  oxide  can  then  be  added  to 
the  rich  lead  cupellation,  its  content  of  silver  uniting  with  the  silver 
of  the  rich  lead,  and  the  litharge  it  contains  mixing  with  the  litharge 
produced  in  the  cupellation. 

The  best  solvents  for  the  zinc  oxide  are  ammonium  carbonate  and 
sulphuric  acid,  and  as  sulphuric  acid  is  cheap  and  produces  a  market- 
able salt,  viz.,  zinc  sulphate,  it  has,  on  account  of  its  simplicity  and 
the  ease  with  which  the  acid  dissolves  the  oxide,  a  distinct  advantage 
over  the  ammonium  carbonate  process,  now  to  be  considered. 

The  Extraction  of  Zinc  Oxide  by  means  of  Ammonium 

Carbonate 

This  process,  which  was  suggested  by  the  author^,  depends  upon 
the  easy  solubility  of  zinc  oxide  in  ammonium  carbonate  solution,  and 

'  Premt.  MinUt,  ZeiUchr,  fiir  Btrg-  Hutten-  und  Salinenwesen,  vol.  xxviii.  1880. 
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upon  the  fact  that  from  this  solution  ammonia  and  a  part  of  the 
carbon  dioxide  may  be  recovered  by  boiling,  whilst  zinc  carbonate 
is  precipitated  and  may  be  converted  into  the  oxide  by  ignition. 
The  solvent  power  of  the  ammoniacal  solution  is  restored  to  it  by 
passing  into  it  the  carbon  dioxide  given  off  on  heating  the  basic 
zinc  carbonate. 

This  process  was  first  used  at  the  Lautenthal  works  but  was 
afterwards  superseded  by  the  process  of  extraction  with  sulphuric 
acid.  It  was  afterwards  in  use  at  the  Hoboken  works  near  Antwerp, 
but  was  given  up  there  when  the  aluminium-zinc  desilverising  process 
was  introduced.  A  description  of  the  process  may  nevertheless  be  of 
interest  since  it  involved,  for  the  first  time,  the  use  of  ammonia  on  a 
large  scale  as  solvent. 

In  this  process  the  mixture  of  oxides  is  treated  in  horizontal 
wrought  iron  cylinders  in  quantities  of  1  to  Ij-  tons  for  12  hours  with 
a  solution  containing  9  per  cent,  of  ammonia  and  9  per  cent,  of  carbon 
dioxide. 

The  arrangement  of  the  dissolving  vessel  is  "shown  in  Figs.  465  to 
467,  where  a  is  the  opening,  provided  with  a  cover  made  tight  by  an 
india-rubber  washer,  for  the  introduction  of  the  oxide,  6  is  a  pipe 
provided  with  a  valve  for  admitting  the  ammoniacal  solution  ;  c9xAi 
are  openings  also  furnished  with  valves,  for  running  oflf  the  zinc  solu- 
tion ;  ^  is  a  manhole  for  removing  the  residue ;  /  is  a  pipe  for  the 
introduction  of  wash-water,  and  e  is  a  pipe  for  the  admission  or 
escape  of  air.  The  agitating  apparatus  consists  of  an  axle  h  provided 
with  arms  7?i,  these  in  their  turn  carrying  the  paddles  A ;  the  axle 
and  arms  are  of  wrought-iron  and  the  paddles  of  cast-iron,  and  the 
agitator  is  worked  by  the  pulley  ?*.  After  solution  is  complete, 
the  bulk  of  the  contents  of  the  vessel,  both  the  liquid  portion  and  the 
suspended  solid  part  and  slime,  are  run  into  a  pressure  vessel  (montej  us) 
of  cast-  or  wrought-iron,  whence  it  is  forced  by  compressed  air  into 
a  filter-press,  where  the  liquid  portion  is  separated  from  the  solid. 
The  solid  portion,  together  with  the  solid  residue  remaining  in  the 
solution  vessel,  and  consisting  chiefly  of  small  grains  of  lead,  is 
treated  in  cast-iron  vessels  with  steam  at  5  atmospheres  pressure, 
the  last  portions  of  the  ammonia  being  in  this  way  driven  off 
and  rendered  available  for  future  operations. 

In  this  way  a  dry  solid  residue  of  oxide  free  from  ammonia  and 
containing  2  to  3  per  cent,  of  silver  is  obtained,  and  this  is  added 
to  the  rich  lead  on  the  hearth  of  the  German  cupellation  furnace. 

The  liquid  obtained  by  filtration  contains  the  zinc  oxide  dis- 
solved  in  ammonium  carbonate  solution,  and  on  boiling  yields  its 


zinc  as  a  mixture  of  hydroxide  and  basic  carbonate,  forming  a  snow- 
white  powder  suspended  in  water,  ammonia  gas  and  carbon  dioxide 
being  given  off  at  the  same  time. 

If  the  zinc  scum  is  cupriferous,  the  oxidised  portion  will  contain 
copper  oxide,  which  is  also  eoloble  in  ammonium  carbonate  solution, 
and  on  boiling,  the  copper  separates  as  oxide  and  colours  the  ba^ic 


zinc  carbonate  grey.  This  discoloration  can  be  prevented  and  the 
copper  recovered  by  precipitation  with  metallic  zinc  before  boiling 
the  solution,  the  zinc  dissolving  and  precipitating  an  equivalent 
amount  of  copper. 

The  liquid,  after  separation  from  the  oxide  by  means  of  the  filter 
press,  is  run  into  a  wrought  iron  precipitating  vessel,  where,  by  means 
of  an  agitator,  it  is  brought  into  intimate  contact  with  zina     Such  a 
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vessel  is  shown  in  Figs.  468  and  469,  A  being  the  precipitating  vessel, 
e  the  pipe  for  the  introduction  of  the  liquid,  and  a  an  opening,  made 
tight  with  a  rubber  washer,  and  serving  for  the  introduction  of  the 
zinc ;  the  stirrers.  A,  A  are  affixed  to  the  horizontal  axle  w.  The 
precipitated  copper  collects  at  the  bottom  of  the  vessel  and  is  with- 
drawn through  the  manhole  g.  The  liquid  freed  from  copper  is  run 
off  through  {?,  and  the  final  portions  through  z.  Wash  water  is  intro- 
duced at  /. 

The  boiling  of  the  ammoniacal  zinc  solution  for  the  purpose  of 
recovering  the  ammonia  and  precipitating  the  zinc  is  carried  out  in 
vertical  cylinders  of  boiler  plate  with  conical  lower  ends,  into  which 
steam  at  5  atmospheres  pressure  can  be  introduced.  Direct  firing 
cannot  be  used,  as  the  zinc  carbonate  would  collect  on  the  sides  and 
bottom  of  the  vessel  and  form  a  crust.  The  use  of  steam  also 
accelerates  the  process,  as  the  liberated  ammonia  and  carbon  dioxide 
are  carried  off  by  it  as  it  bubbles  through  the  liquid.  The  distillation 
lasts  12  to  15  hours. 

The  arrangement  of  this  distillation  vessel  is  shown  in  Figs.  470  and 
471,  the  zinc  solution  being  introduced  through  the  tube  a,  whilst  ex- 
haust steam  from  an  engine  is  admitted  through  the  valve  c,  passing  by 
the  pipe  m  to  the  bottom  of  the  vessel ;  and  in  case  this  is  not  sufficient, 
steam  can  be  admitted  direct  from  the  boiler  by  means  of  the  valve  J. 
The  liquid  is  thus  raised  to  the  boiling  point,  and  the  evolved 
ammonia  and  carbon  dioxide  pass  together  with  the  steam  through 
the  pipe  e  to  the  dephlegmator  and  condenser,  the  basic  zinc  carbonate 
being  precipitated  in  the  vessel.  As  it  falls  on  the  conical  bottom  of 
the  vessel  it  comes  continually  into  contact  with  the  entering  steam, 
and  thus  gives  up  its. ammonia  completely. 

After  the  ammonia  is  evolved,  only  water  and  the  precipitate  are 
left  in  the  vessel,  and  they  are  drawn  off  together  by  closing  e,  con- 
tinuing the  admission  of  steam  through  m  and  opening  ^,  the  steam 
pressure  thus  driving  the  contents  through  the  latter  opening.  The 
mass  is  either  run  into  a  wooden  box,  and  the  precipitate  allowed 
to  settlie  in  the  box,  or  it  is  transferred  from  the  box  to  a  filter  press, 
or  else  the  mass  is  directly  filter-pressed.  This  takes  some  time, 
and  diminishes,  in  consequence,  the  capacity  of  the  apparatus  which 
would  have  otherwise  been  charged  with  a  fi:'esh  qiiantity  of 
ammoniacal  zinc  solution. 

The  gases  evolved  from  the  still  are  condensed  in  a  series  of  Woulf s 
bottles  of  wrought  iron,  containing  dilute  ammonium  carbonate  solu- 
tion, part  of  which  is  obtained  by  washing  the  residue  and  part 
collected  in  the  dephlegmator.     The  ammonia  and  carbon  dioxide 
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evolved  from  the   still  are  largely  diluted  with  steam,  and  before 


Fios.  468  and  460. 


Fiaa.  470  and  471. 


entering  the  condensing  arrangement  proper,  must  be  deprived  of  part 
of  this.     This  is  eflFected  by  means  of  a  dephlegmator,  in  which  the 
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gases,  before  entering  the  condenser,  are  led  through  a  wide  sloping 
tube,  kept  cool  by  water  on  the  outside,  the  greater  part  of  the  steam 
condensing,  whilst  the  gaseous  ammonia  and  carbon  dioxide  pass  on. 
This  is  effected  by  so  regulating  the  amount  of  out-flowing  and  in- 
flowing water  that  the  temperature  is  maintained  between  60**  and 
70°  C.  The  condensed  water  flows  from  the  sloping  bottom  of  the 
dephlegmator  tube,  carrying  with  it  a  small  quantity  of  ammonia,  and 
is  either  used  as  wash-water  for  the  distillation  residue  or  else  as  an 
absorbent  in  the  Woulf  s  bottles. 

In  order  to  replace  the  carbon  dioxide  which  is  used  up  in  producing 
the  basic  zinc  carbonate,  carbon  dioxide  is  forced  under  pressure  into 


Fiae.  472—474. 


the  first  Woulf 's  bottle,  the  impure  gas  from  burning  coke  being  used 
for  this  purpose.  The  coke  is  burnt  in  a  small  shaft  fiimace,  provided 
with  a  grate,  and  the  evolved  gas  is  drawn  off  by  the  force  pump. 
The  arrangement  of  the  Woulf's  bottles,  of  which  there  are  three  or 
four  joined  in  series,  is  shown  in  Figs.  472-474.  They  are  wrought- 
iron  cylinders  v,  into  which  the  ammonia,  carbon  dioxide  and  some 
still  uncondensed  steam  enter  by  the  pipe  ft,  the  unabsorbed  gas 
passing  through /into  a  second  condenser.  Through  the  pipe  c,  carbon 
dioxide  is  passed  in  order  to  convert  the  excess  of  ammonia  into 
ammonium  carbonate.  The  contents  are  drawn  off  at  c ;  ^  is  a  water 
gauge,  and  a  a  manhole. 
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The  arrangement  of  the  plant  at  the  Hoboken  works,  near 
Antwerp,  is  shown  in  Figs.  476  and  476,  where  /.  /  are  the  solution 
vessels,  and  the  ammoniaeal  zinc  solution  runs  from  them  into  the 


Fio.  475. 


Fio.  476. 


pressure  vessel  y,  from  which  the  solution  with  its  suspended  solid 
matter  is  forced  by  means  of  compressed  air  into  the  filter  presses 
e,  e.  From  the  latter  it  passes,  if  free  from  copper,  into  the 
pressure  vessel  z,  and  thence  into  the  retort  ^,  or,  if  it  contains 
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copper,  then  it  is  forced  from  the  filter  press  into  the  precipitat- 
ing tank,  d.  After  extracting  the  copper,  the  liquid  is  run  into  the 
pressure  vessel  2,  and  from  there  forced  by  compressed  air  into  the 
still  g.  The  gases  given  off  from  the  latter  during  distillation  pass 
al(mg  the  pipe  r  into  the  dephlegmator  6,  the  wrought-iron  water- 
jacket  for  which  is  not  shown  in  the  drawing,  and  the  liquid  collected 
here  flows  into  the  reservoir  A,  trova  which  it  is  taken  to  serve  either  as 
the  absorbing  liquid  in  the  Woulf 's  bottles,  or  as  wash-water  for  the 
residue.  The  gases  pass  along  the  pipe  u  into  the  first  condenser,  c, 
and  the  gases  from  this  into  c^  and  c^,  the  exit  gas  from  the  latter 
consisting  chiefly  of  carbon  monoxide  and  nitrogen  from  the  coke 
frimaces  gases,  being  either  allowed  to  pass  into  the  air,  or  else  being 
passed  through  sulphuric  acid  in  an  open  vessel,  for  the  purpose  of 
condensing  any  ammonia  carried  over.  The  ammonium  carbonate 
liquor  in  the  condensers  is  drawn  off  by  connecting  pipes  into  the 
solution  vessel,  where  its  solvent  powers  are  again  utilised,  a  is  a 
water  tank,  0  is  the  carbon  dioxide  forcing  pump,  k  the  air  com- 
pressor, and  V)  the  engine  for  forcing  water  up  into  the  reservoir. 
From  the  latter  the  water  flows  into  the  dephlegmator  box  and  the 
cooling  pipes  for  the  condensers.  The  space  h  is  occupied  by  the  small 
shaft  furnace  for  generating  the  carbon  dioxide. 

The  loss  of  ammonia  in  the  process  is  very  slight.  The  basic  ziDc 
carbonate  which  is  precipitated  is  converted  into  zinc  oxide  by  heating 
to  redness  in  reverberatory  furnaces.  The  zinc  oxide  so  produced  is 
inferior  in  covering  power  to  that  made  by  burning  the  metal,  and  it 
has  also  a  faint  yellow  tinge,  so  that  it  cannot  be  sold  at  the  price 
obtained  for  zinc  white.  On  this  account  it  is  sold  to  the  zinc  chloride 
makers,  and  if  the  works  happen  to  be  situated  near  to  the  smelting 
works,  the  basic  carbonate  may  be  sold  to  the  latter  direct. 

Each  ton  of  oxide  consumes  from  1  to  1*25  tons  of  coal  for  solution 
precipitation,  distillation,  &c.,  and  to  prepare  1  ton  of  oxide  from  the 
basic  carbonate  1 J  to  1^  tons  of  coal  are  required. 

The  yield  of  silver  amounts  to  1^  to  2  per  cent,  more  than  indicated 
by  the  assay. 

The  whole  process  is  complicated,  requiring  costly  plant  and 
expert  attendance,  and  the  zinc  is  obtained  in  a  form  in  which  it  sells 
for  less  than  metallic  zinc,  though  there  is  the  advantage  that  the 
silver  yield  is  high. 

The  possibility  of  employing  the  process  depends  mainly  upon 
low  price  of  coal  and  the  disposal  of  the  basic  carbonate  at  a  fikirly 
high  price. 

Owing  to   the   progress   made   with   the   distillation  process  of 
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treating  the  rich  scum  subsequently  to  the  introduction  of  this 
ammonia  process  in  1878,  the  former  method  has  the  advantage  over 
the  latter  in  spite  of  its  higher  yield  of  silver. 


The  Extraction  of  the  Zinc  Oxide  with  Sulphuric  Acid 

This  process  was  introduced  by  Pfort  at  the  Lautenthal  works, 
and  is  a  much  simpler  method  than  the  one  just  considered.  It  can 
only,  however,  be  used  where  sulphuric  acid  can  be  obtained  cheaply, 
and  where  a  market  can  be  found  for  the  zinc  sulphate  produced, 
—conditions  which  at  that  time  prevailed  at  Lautenthal. 

Dilute  sulphuric  acid  will  dissolve  out  zinc  oxide  from  the  mixture 
of  oxides  without  attacking  the  lead  oxide  or  the  silver,  and  it  also 
dissolves  zinc  from  any  undecomposed  zinc  scum  which  may  be 
present.  At  Lautenthal  (the  only  works  where  this  process  is  used) 
the  solution  of  the  zinc  oxide  is  effected  in  lead-lined  wooden  vats 
with  sloping  bottoms,  the  sulphuric  acid  being  allowed  to  act  so  long 
as  it  dissolves  zinc  or  zinc  oxide.  The  acid  is  diluted  to  24°  B.,  and 
the  liquor  is  run  off  at  35°  B.  The  solution  of  zinc  sulphate  is 
allowed  to  settle,  evaporated  in  pans  to  the  crystallising  point  (46°  B.), 
and  then  run  into  crystallising  vats.  The  remaining  residue  is 
washed,  diied,  and  added  to  the  rich  lead  on  the  cupellation  hearth. 
The  evaporating  pans  are  of  sheet-lead,  and  they  stand  on  a  sheet- 
iron  plate.  Their  dimensions  are,  length  9  feet  10  inches,  width  6 
feet  6  inches,  depth  2  feet. 

The  Working  up  of  the  Dezincised  Oxide 

The  oxide,  deprived  of  its  zinc  by  either  the  ammonia  or  the 
sulphuric  acid  process,  is  treated  in  each  case  in  the  same  way.  As 
soon  as  the  bath  of  rich  lead  on  the  hearth  of  a  German  cupellation 
furnace  has  been  deprived  of  its  impurities,  that  is,  when  yellow 
litharge  begins  to  form,  the  oxide  is  added  by  degrees  after 
interrupting  the  blast.  After  each  addition  the  molten  lead  oxide  on 
the  surface  of  the  bath  is  removed,  and  when  the  whole  has  been 
added  the  cupellation  is  conducted  as  usual.  The  scum  raked  off 
from  the  surface  of  the  bath  (Abzug)  contained  006  per  cent,  of  silver 
when  the  author  was  at  Lautenthal,  and  was  added  to  the  ore 
smelting  charge.  When  the  oxide  was  added  directly  to  the  bath 
without  previous  extraction  of  the  zinc,  the  Abzug  contained  0*3  per 
cent,  of  silver,  and  the  whole  of  the  zinc  gontent  of  the  oxides. 
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The  combined  PATrmsoN  and  Zinc  Desilverising  Processk 

The  two  processes  are  only  combined  with  the  object  of  separating 
the  bismuth  present  in  the  work-lead,  and  the  only  place  where  this 
is  carried  out  is  at  the  Muldener  Hlitte  at  Freiberg.  The  lead  at 
these  works,  after  undergoing  the  liquation  and  refining  processes, 
contains  0*4  to  0*8  per  cent,  of  silver,  and  is  submitted  to  the 
Pattinson  process,  and  enriched  up  to  2  per  cent,  of  silver,  the  rich 
lead  carrying  with  it  the  bismuth.  This  rich  lead  is  then  cupelled 
and  the  litharge  produced,  which  is  rich  in  bismuth,  is  worked  up  for 
that  metal  and  for  lead.  The  poor  lead  free  from  bismuth  is  treated 
by  the  zinc  process  to  further  desilverise  it. 

There  are  nine  pots  in  the  Pattinson  battery,  the  work-lead  being 
charged  into  the  third  or  fourth,  and  withdrawn  from  the  first  with  2 
per  cent,  of  silver,  the  poorer  lead  from  the  eighth  or  ninth  pot 
containing  01  per  cent,  of  silver,  and  it  is  this  poor  lead  which  is 
desilverised  by  zinc.  The  desilverising  is  conducted  in  cast-iron  pots, 
the  zinc  scums  are  liquated  in  small  pots  of  the  same  material,  and 
then  distilled  in  plumbago  crucibles,  whilst  the  poor  lead  is  deprived 
of  its  zinc  by  oxidation  in  a  reverberatory  furnace.  Details  of  these 
processes  have  already  been  given. 

Silver  and  Lead  Losses  in  the  Zinc  Process 

With  careful  working,  the  loss  of  lead  should  not  amount  to  more 
than  1  to  2  per  cent.,  the  loss  of  silver  depending  on  the  mode  of 
treatment  of  the  rich  scums.  If  the  distillation  method  is  used,  the 
yield  of  silver  should  be  that  given  by  assay,  whilst,  using  the 
method  of  dezincising  by  steam  and  dissolving  the  zinc  oxide,  the 
assay  figure  should  be  exceeded  (without  including  the  smelting 
remedy)  by  2  per  cent.,  giving  a  yield  of  102  per  cent. 

The  Production  of  a  Zinc-silver  Alloy  from  Work-lead 

The  researches  of  Roessler  and  Edelmann  have  shown  that  it  is 
possible  to  obtain  the  greater  part  of  the  silver  content  of  work-lead 
in  the  form  of  a  zinc-silver  alloy. 

If  in  desilverising  by  means  of  zinc,  the  oxidation  of  the  bath  of 
metal  can  be  prevented,  a  zinc  scum,  rich  in  silver  and  zinc,  is 
produced  from  which  the  adherent  lead  can  be  separated  for  the  most 
part  by  liquation.  To  obtain  such  a  zinc  scum  free  from  oxide  it  is 
necessary  to  add  a  small  proportion  (0*5  per  cent.)  of  aluminium  to 
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the  zinc  used  for  desilyerising,  the  aluminium  preventing  the  oxida- 
tion of  the  zinc  and  lead.  It  is  only  efficacious  however  in  this 
respect  when  the  work -lead  is  free  from  copper  and  arsenic,  and  both 
these  bodies,  if  present,  must  be  removed  before  desilverising.  If 
copper  is  only  present  in  small  amounts,  it  may  be  removed  by  the 
addition  of  a  small  quantity  of  zinc  to  the  bath  of  molten  metal. 
Antimony,  as  in  the  ordinary  zinc  process,  is  only  harmful  if  present 
in  considerable  amount. 

According  to  Roessler  and  Edelmann's  researches  the  action  of 
aluminium  is  prevented  by  the  presence  of  01  per  cent,  of  copper,  oxi- 
dation then  taking  place ;  0*05  per  cent,  of  arsenic  acts  similarly, 
whilst  0'03  per  cent,  of  antimony  has  no  injurious  influence,  though 
the  presence  of  1  per  cent,  of  antimony  renders  the  desilverising  very 
imperfect  and  necessitates  the  use  of  a  large  amount  of  zinc. 

The  following  description  of  the  process  is  given  by  the  inventoi*s  : — 

"  1.  If  22  lbs.  of  zinc  containing  05  per  cent,  of  aluminium  are 
added  to  220  lbs.  of  lead  containing  5i  ozs.  of  silver  and  the  mixture 
be  stirred  and  heated  to  500°  C,  about  3*3  lbs.  of  zinc  will  dissolve  in 
the  lead,  whilst  the  remaining  187  lbs.  separate  out,  carrying  with 
them  almost  the  whole  of  the  silver.  If  in  order  to  separate  this 
argentiferous  zinc,  the  mass  be  allowed  to  cool  to  450°  C.  about  11  lbs. 
of  zinc  will  collect  on  the  surface  in  the  fluid  state,  and  if  the  tem- 
perature is  eventually  lowered  to  350°  a  metallic  scum  forms  on  the 
surface,  containing  about  9  lbs.  of  zinc  and  the  last  portions  of  the 
silver. 

"2.  To  220  lbs.  of  lead  with  the  same  amount  of  silver  only  3*3 
lbs.  of  aluminiferous  zinc  (^  per  cent.  Al)  were  added,  the  zinc  being 
spread  on  the  surface,  and  thoroughly  dissolved  in  the  lead  by  raising 
the  temperature  to  500""  C.  and  carefully  stirring  the  mass.  If  now  it 
be  allowed  to  cool  gradually,  no  zinc  separates  out  in  the  molten 
state,  but  a  silver-zinc  alloy  rich  in  silver  and  infusible  at  this  tem- 
perature forms  on  the  surface  as  a  pasty  mass,  being  mixed  with  lead 
and  forming  about  10  per  cent,  by  weight  of  the  entire  charge,  con- 
taining all  the  silver  and  being- easily  separable  from  the  desilverised 
lead  below  it.  If  the  cooling  is  conducted  veiy  slowly,  the  sides  of 
the  vessel  being  often  scraped,  the  desilverising  is  very  complete  and 
it  will  be  found  that  the  first  scum  weighing  about  9  lbs.  is  very  rich  in 
zinc  and  silver,  whilst  the  portion  collecting  later  on  and  weighing 
about  13  lbs.  consists  almost  entirely  of  lead  and  contains  little  silver 
or  zinc. 

"  3.  The  9  lbs.  of  first  dross  can  be  heated  at  once  in  an  iron  pot 
to  low  redness  (about  650°  C),  yielding  a  rich  zinc-silver  alloy  and  a 
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liquated  lead  containing  some  silver.  If  the  liquated  lead  and  the 
other  scum  be  added  to  the  next  lot  of  metal  to  be  desilverised, 
the  entire  silver  content  of  the  lead  is  obtained  at  each  operation 
alloyed  with  half  the  zinc,  the  other  half  of  the  zinc  remaining  in 
the  poor  lead.     The  alloy  contains  20  to  25  per  cent,  of  silver." 

These  observations  only  hold  good  in  the  case  of  pure  lead.  With 
commercial  leads,  the  presence  of  copper  and  arsenic,  as  already 
mentioned,  interferes  with  the  action  of  the  aluminium,  and  large 
amounts  of  antimony  are  also  injurious.  These  bodies  must  conse- 
quently be  removed  before  desilverising,  small  amounts  of  copper  and 
arsenic  being  got  rid  of  by  stirring  a  little  zinc  into  the  molten  bath. 
The  inventors  further  state : — 

"  4.  220  lbs.  of  lead  conliaining  0*15  per  cent,  of  silver,  03  per  cent, 
of  antimony,  01  per  cent,  of  copper,  and  0*05  per  cent,  of  arsenic  were 
purified  by  using  0*2  per  cent,  of  zinc,  very  little  silver  being  extracted 
and  the  amount  of  copper  and  arsenic  being  reduced  to  one  quarter 
The  desilverising  was  then  proceeded  with,  with  excellent  results, 
using  1*2  per  cent,  of  zinc,  and  about  11  lbs.  of  rich  scum  were  obtained, 
capable  of  being  separated  into  1^  lbs.  of  alloy  and  9^  lbs.  of  liquated 
lead  and  also  about  15^  lbs.  of  second  scum,  the  lead  being  desilverised 
down  to  007  to  01 1  oz.  per  ton. 

"  5.  Lead  containing  0'3  per  cent,  of  silver  required  1*4  per  cent,  of 
zinc  for  desilverising,  with  0*5  per  cent,  it  required  1*6  per  cent  of 
zinc,  and  with  0*7  per  cent.,  1*8  per  cent,  of  zinc. 

"  The  alloys  weighed  2*6  to  5^  lbs.  and  contained  25  to  35  per  cent, 
of  silver.  The  principal  scum  weighed  22  to  33  lbs.,  the  second  one 
15^  lbs.,  and  the  liquated  load  17^  to  26J  lbs.  In  order  to  dissolve 
up  all  the  zinc  the  temperature  at  the  beginning  in  these  cases  had  to 
be  raised  to  560°  or  600"  C." 

Very  little  more  zinc  is  thus  required,  when  aluminium  is  used, 
than  in  the  ordinary  zinc  process  of  desilverising.  In  conducting 
the  process  on  the  large  scale,  it  is  not  possible  to  convert  the  entire 
silver  content  of  the  work-lead  into  a  zinc-silver  alloy,  a  certain 
amount  of  it  being  retained  by  the  oxides  formed  during  the 
liquation  of  the  alloy.  In  separating  a  small  amount  of  copper 
by  means  of  a  preliminary  addition  of  zinc,  a  certain  amount  of 
silver  also  goes  into  the  so-called  copper  scums.  It  is,  consequently, 
always  necessary  to  treat  these  bye-products  containing  zinc,  silver 
and  lead,  or  copper,  zinc,  silver  and  lead,  by  one  of  the  methods 
previously  described  for  the  treatment  of  the  rich  scums,  viz.,  the  dis- 
tillation process,  the  Flach  process,  or  by  decomposition  with  steam 
and  subsequent  treatment  either  with  ammonium  carbonate  solution 
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orSsulphuric  acid.  The  amounts  of  oxidised  products  and  of  liquated 
lead  are  also  greater  when  the  process  is  worked  on  the  large  scale 
than^is  indicated  by  the  figures  just  given. 

At  present^the  process  is  in  use  at  Lautenthal  in  the  Harz,  and  at 
Friedrichshutte  in  Upper  Silesia.  At  Hoboken  where  the  method 
was  first  applied,  it  has  been  replaced  by  the  ordinary  zinc  process. 
The  following  account  may  however  stand. 

The  zinc  is  first  alloyed  with  aluminium  and  then  added  to  the 
lead  previously  freed  from  impurities,  the  stirring  being  done  in  the 
same  way  as  in  the  ordinary  zinc  process.  Two  argentiferous  alloys 
are  obtained,  the  first  scum  a  rich  silver-zinc  alloy  called  "  cream  " 
(Bahm)  and  the  second  scum  (ffauptabhiib)  very  rich  in  lead  and 
containing  the  remainder  of  the  silver. 

The  Bahm  constitutes  from  1  to  6  per  cent,  by  weight  of  the  work- 
lead  according  to  its  silver  content,  and  the  Hatoptabhub  6  to  9  per 
cent.  The  consumption  of  zinc  varies  from  1*7  to  28  per  cent,  of  the 
weight  of  the  work-lead  according  to  the  degree  of  purity  of  the  work- 
lead  and  its  content  of  silver.  The  consumption  of  coal,  including 
that  used  for  refining  the  desilverised  lead  in  the  pots,  amounts  to 
about  12  per  cent,  of  the  weight  of  the  work-lead. 

Both  the  scums  are  melted  together  and  liquated  in  cast-iron  pots 
similar  to  those  used  in  the  liquation  of  the  zinc  scums,  a  zinc-silver 
alloy,  dross  and  liquated  lead  being  the  products.  From  100  parts  of 
a  mixture  of  the  two  scums  liquated  together  in  quantities  propor- 
tionate to  the  amounts  in  which  they  were  produced  in  desilverising, 
from  9*7  to  13  per  cent,  of  zinc-silver  alloy  would  be  obtained,  8'7  to 
12*5  per  cent,  of  dross  and  76  to  77  per  cent,  of  liquated  lead,  the 
fuel  used  being  from  8  to  10  per  cent. 

The  zinc-silver  alloy  is  either  treated  electrolytically  or  else  the 
zinc  is  converted  into  sulphate  by  the  action  of  sulphuric  acid.  The 
dross  is  distilled  in  retorts,  and  the  liquated  lead  goes  back  to  the 
desilverising  operation.  From  78  to  80  per  cent,  of  the  entire  silver 
content  of  the  work-lead  is  converted  into  the  zinc-silver  alloy. 

The  following  are  the  results  of  more  extended  working  at 
Hoboken  with  Spanish  lead  containing  49  ozs.  of  silver  per  ton. 
The  total  consumption  of  zinc  amounted  to  1*42  per  cent,  of  the 
weight  of  the  work-lead.  Of  this,  0*29  per  cent,  was  used  unalloyed 
with  aluminium,  for  the  purpose  of  extracting  the  copper  and 
gold  in  the  lead,  the  remainder  being  alloyed  with  05  per  cent, 
of  aluminium  and  used  for  desilverising.  The  first  rich  scum 
{Bahm)  formed  15  per  cent,  of  the  weight  of  the  work-lead  and 
the  second  scum  4*6  per  cent.     By  liquating  this  second  scum,  in 
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addition  to  liquated  lead,  9*8  per  cent,  of  a  zinc-silver  alloy  containing 
20  per  cent,  of  silver  and  4  per  cent,  of  lead  was  obtained  and  2*5  per 
cent,  of  dross,  whilst  from  the  liquation  of  the  Bahm  4  per  cent  of 
alloy  with  12  per  cent,  of  silver  and  4  per  cent,  of  lead,  34  per  cent, 
of  dross  and  liquated  lead  were  obtained.  By  the  term  dross  is 
meant  the  oxidised  crust  separating  out  during  the  liquation  of  the 
alloy. 

The  following  are  the  products  from  a  hundred  parts  of  work- 
lead: — 

90*7  parts  refined  lead 

1*4    „     liquated  scum 

29      „    copper  scum 

3-9      „     skimmings 

0*7      „     lead  dross 

0*6      „     alloys 

0*7      „    dross  rich  in  silver. 

And  the  silver  contained  in  the  lead  is  distributed  as  follows : — 

1*3  per  cent,  in  the  liquated  scum 
9*9         „        „     „    copper  scum 
78*9        „        „     „    zinc-silver  alloys 
9*9         „         „     „    dross 

Thus  88*9  per  cent,  of  the  silver  passes  into  the  zinc-silver  alloy. 

In  the  desilverising  of  rich  Australian  work-lead  from  Broken 
Hill,  alloys  with  30  to  35  per  cent,  of  silver  are  produced. 

At  Lautenthal,  16  tons  of  work-lead  containing  0*12  to  0'14  per 
cent,  of  silver  ai'e  charged  into  each  pot  and  melted  down  in  8  hours, 
1*1  to  1*2  tons  of  scums  being  formed.  To  remove  copper  and  gold 
110  lbs.  of  zinc  are  added  and  stirred  in  for  half  an  hour.  After 
three  hours  0*5  to  0*6  ton  of  copper  scum  is  formed,  and  this  is 
removed  in  half  an  hour  and  worked  up  as  already  described.  The 
heating  is  now  continued  for  6  hours  to  bring  up  the  metal  to  a  dull- 
red  heat,  after  which  286  lbs.  of  aluminium-zinc  and  the  third  scum 
from  a  previous  operation  are  added  and  stirred  in  for  half  an  hour 
by  hand.     (The  zinc  is  added  in  one  batch  if  possible).     On  cooling 

01  to  0*2  ton  of  first  scum  {Rohm)  separates  out,  then  follows  in  the 
next  2  hours  the  second  scum  (Hauptabhub),  and  finally  in  the  next 

2  hours  the  third  scum  (Bestabhub).  The  temperature  is  again  raised, 
some  zinc-silver  scum  which  forms  is  taken  off,  and  the  desilverised 
lead  is  refined.  The  aluminium-zinc  is  prepared  by  melting  down  in 
a  desilverising  pot  110  lbs.  of  aluminium  and  7*6  tons  of  crude  zinc. 


Silver  .     .     . 

.     11-32 

Zinc 

Lead     .     .     . 

313 

Nickel . 

Copper     .     . 

616 

Arsenic 

Fluorine    .     . 

0-24 

Antimony 

SILVER  693 

One  ton  of  lead  requires  014  lb.  of  aluminium,  30  lbs.  of  zinc  and 
188  lbs.  of  coal,  and  the  cost  of  labour  is  2*53  marks. 

The  first  and  second  scums  are  liquated  separately  and  yield  a 
liquation  lead  poor  in  silver,  and  a  zinc-silver  alloy  called  Zinkgekrdtz. 
The  former  is  put  Imck  into  the  desilverising  pot,  the  latter  is  distilled 
in  Freiberg  crucibles.  The  distillation  yields  a  rich  lead  containing 
4  to  22  per  cent,  of  silver  which  is  cupelled,  and  residnes  (Tiegelgekrdtz) 
which  are  treated  for  work-lead. 

At  the  Friedrichshiitte,^  aluminium-zinc  is  stirred  in  fi'om  10  to  15 
minutes  by  the  apparatus  described  above,  the  bath  being  heated 
almost  to  dull  red.  The  scum  is  liquated.  Roeber  gives  its  com- 
position as  follows : — 

.     .     78-64 
.     .      0-61 

Itraces 

The  only  intermediate  product  which  calls  for  further  treatment 
is  a  dry  powdery  liquation  residue,  amounting  to  0*9  per  cent,  of  the 
whole  lead.  The  zinc  consumed  is  1*1  per  cent,  of  the  weight  of 
work-lead.     The  alloy  is  treated  electrolytically. 

The  advantages  of  the  process  are  these.  The  greater  part  of  the 
silver  is  collected  in  the  zinc-silver  alloy ;  the  amount  of  bye-products 
to  be  worked  up  again  is  small ;  and  the  jdeld  of  marketable  lead  is 
high.  At  Hoboken  the  rich  alloys  were  worked  up  by  electrolysis 
and  by  extraction  with  sulphuric  acid,  being  granulated  for  the  latter 
purpose  and  treated  in  lead  towers  with  the  acid.  The  silver  slimes 
were  added  to  the  lead  bath.  Experience  has  shown,  however,  that 
the  ordinary  method  of  zinc  desilverising,  when  carried  out  in  50  ton 
pots,  and  with  terraced  plant,  is  more  economical  than  that  just 
sketched.  Hence  the  newer  method  has  been  given  up  in  favour  of 
the  older  one. 


The  Cupellation  of  Argentiferous  Lead 

The  cupellation  of  argentiferous  work-lead  consists  of  an  oxidising 
melting  of  the  same  in  a  reverberatory  furnace.  By  this  process 
(Ger.  "  Abtreiben,  Vertreiben,  or  Treiben  ")  the  lead  is  converted  into 
oxide,  which  is  withdrawn  from  the  furnace  in  a  molten  condition, 
whilst  the  silver  remains  after  all  the  lead  has  been  oxidised. 

^  Hasse,  Zeitschr,fur  das  Berg-  HvUen-  und  ScUinenvjesen,  1897,  p.  322. 
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The  oxidation  of  the  lead  is  effected  by  means  of  the  oxygen  of 
the  air,  this  acting  for  the  most  part  directly,  though  a  portion  of  the 
lead  may  be  oxidised  by  oxygen  acting  indirectly,  litharge  acting 
as  the  medium.  Litharge  possesses  the  property  of  absorbing  oxygen 
from  the  air  when  melted  in  contact  with  it,  and  it  gives  up  this 
oxygen  to  lead  and  other  oxidisable  metals. 

During  the  cupellation  the  temperature  must  be  maintained  at 
such  a  point  (980°)  that  the  lead  oxide  is  thoroughly  fluid,  and  can 
flow  from  the  furnace  without  mechanically  enclosing  any  appreciable 
quantity  of  work-lead  or  silver. 

The  cupellation  process  can  be  conducted  in  three  ways : — 

(1.)  In  the  first  method  the  cupellation  is  only  earned  up  to  a 
certain  point  until  the  lead  contains  50  to  80  per  cent,  of  silver,  this 
enriched  alloy  being  then  cupelled  in  a  separate  furnace. 

(2.)  In  the  second  method  the  cupellation  is  carried  further  and 
an  impure  silver  {Blicksilber)  containing  about  10  per  cent,  of  other 
metals,  is  obtained.  When  Blicksilber  is  produced,  it  is  submitted 
to  further  cupellation  (Feinbrennen  or  Rajiniren)  and  converted  into 
fine  silver. 

(3.)  In  this  method  the  work-lead  or  the  previously  concentrated 
alloy  is  cupelled  directly  to  pure  silver  (Feinsilber). 

The  various  impurities  present  in  the  lead  behave  during  the 
cupellation  in  much  the  same  way  as  in  the  refining  or  softening  of 
lead  in  reverberatory  furnaces.  During  the  melting  of  the  lead, 
mechanically  mixed  impurities,  such  as  metallic  sulphides  and  slag, 
separate  completely,  and  most  of  the  copper,  cobalt  and  nickel  also 
separate.  The  other  metals  and  the  remainder  of  the  cobalt  and 
nickel  are  converted  into  oxides  by  the  action  of  the  oxygen  of  the 
air  on  the  bath,  zinc,  iron,  tin,  cobalt  and  nickel  being  the  most 
easily  oxidised.  Arsenic  and  antimony  require  a  much  longer  time 
for  their  oxidation,  and  bismuth  is  the  most  difficult  of  all  the  metals 
to  oxidise,  so  much  so  that  it  is  only  got  rid  of  in  the  last  portions 
of  the  litharge  produced  in  the  process,  and  a  minute  quantity  often 
remains  in  the  fine  silver  obtained.  Tellurium  is  partly  oxidised,  and 
the  rest  is  taken  up  by  the  litharge  and  the  silver.^ 

As  soon  as  the  formarion  of  litharge  begins,  as  already  men- 
tioned, it  acts  as  an  oxidising  agent,  not  merely  owing  to  its  power 
of  dissolving  oxygen,  but  by  a  chemical  change,  whereby  its  com- 
bined oxygen  may  be  used  to  oxidise  any  copper  present  in  the 
bath,  the  litharge  being  reduced  to  metallic  lead.  This  oxidation 
of  copper  by  litharge,  in  which  the  usual  relations  between  lead  and 

^  Heberlein,  Berg.-  u.  Huttenm.  Ztg.,  1895,  p.  41.   The  Mineral IndvMry,  iv.,  p.  481. 
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copper  and  oxygen  are  reversed,  is  ascribed  to  the  action  of  mass,  and, 
in  fact,  only  a  small  proportion  of  copper  can  be  oxidised  by  a  large 
amount  of  litharge.  If  large  quantities  of  copper  are  present,  part  of 
it  remains  behind  with  the  silver,  and  lead  rich  in  copper  must 
therefore  be  liquated  before  cupellation  if  the  silver  is  desired  free 
from  copper. 

In  the  reverse  way,  lead  is  oxidised  by  cuprous  oxide  if  the  latter 
is  present  in  large  quantities  (Berthier). 

A  loss  of  silver  may  arise  owing  to  the  fact  that  the  litharge 
mechanically  encloses  small  particles  of  argentiferous  lead.  In  the 
first  period  of  the  cupellation  this  loss  is  so  slight  as  to  be  scarcely 
noticeable,  but  it  increases  as  the  bath  becomes  richer  in  silver  and 
reaches  its  highest  point  during  the  last  stage  of  the  process.  To  \yhat 
extent  silver  itself  is  oxidised  during  the  process  and  taken  up  by  the 
litharge  is  a  question  which  has  not  been  satisfactorily  answered.  Sainte 
Claire-Deville,  Debray,  Troost  and  Haute-Feuille^  and  recently  Wait,* 
assert  that  silver  oxide  can  exist  at  high  temperatures.  At  all  events 
argentiferous  litharge  can  be  deprived  of  its  silver  by  prolonged  contact 
with  lead  which  is  not  too  rich  in  silver ;  but  whether  this  desilver- 
ising  of  the  litharge  is  merely  due  to  the  little  particles  of  argenti- 
ferous lead  in  it  uniting  with  the  rest  of  the  lead  (as  when  the 
residue  from  the  extraction  of  the  dross  formed  by  treating  zinc 
scums  by  steam  in  the  zinc  desilverising  process,  is  added  to 
the  cupellation  process),  or  whether  it  is  due  to  a  reduction  of  some 
silver  oxide,  has  not  been  settled.  Any  gold  present  in  the  work- 
lead  remains  behind  with  the  silver,  only  minute  traces  being  found 
in  the  litharge. 

There  are  two  kinds  of  reverberatory  furnace  in  which  the  process 
of  cupellation  is  conducted — the  German  and  the  English  furnace. 
The  German  furnace  possesses  a  fixed  hearth  which  forms  part  of 
the  furnace  and  is  capable  of  holding  a  large  charge  of  lead, 
whilst  the  English  furnace  has  a  movable  hearth  of  much  smaller 
capacity  than  the  German  one.  In  the  German  the  hood  or  portion 
covering  the  hearth  is  removable,  whilst  the  roof  of  the  English 
furnace  forms  an  integral  part  of  it.  The  method  of  working  is  also 
different,  as  in  the  German  furnace  the  various  oxidised  scums  are 
withdrawn  in  separate  portions  (Abzug,  Abstrich  and  Gldtte)^  and  the 
lead  is  cupelled  either  with  or  without  a  previous  concentrating 
cupellation,  until  Blicksilber  is  produced,  the  process  being  mrely 
carried  in  one  operation  as  far  as  fine  silver.     In  the  English  process 

*  Graham,  Otto,  Miohaelis,  Anorg.  Chem.  iii.  p.  985. 
^  Joum.  Amer,  Chem.  Soc.  xviii.  p.  254. 
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the  various  oxides  are  not  separated  from  one  another,  and  the  work- 
lead  is  as  a  rule  first  submitted  to  a  special  concentrating  cupellation 
and  is  then  cupelled  for  fine  silver.  The  production  of  Blicksilbtr, 
which  is  the  rule  in  German  furnaces,  is  not  carried  out  in  English 
ones. 

The  German  furnace  is  used  chiefly  when  the  object  is  to  produce 
a  marketable  litharge,  to  obtain  any  bismuth  present  in  the  later 
portions  of  the  litharge,  and  where  large  quantities  of  argentiferous 
ores  and  metallurgical  products  are  to  be  added  to  the  lead  bath  in 
the  furnace. 

The  English  furnace,  which  has  of  recent  years  been  variously 
improved  in  American  works,  is  used  where  very  rich  lead  is  to  be 
cupelled,  in  which  case  the  litharge  is  too  rich  in  silver  to  allow  of  it 
being  sold,  and  in  such  cases  the  improved  English  furnace  is  to  be 
preferred  to  the  German  model. 

In  both  processes,  owing  to  the  comparatively  high  temperature 
which  is  necessary  in  order  to  melt  the  litharge,  a  considerable 
amount  of  lead  is  volatilised,  carrying  with  it  a  good  deal  of 
silver,  and  it  is  consequently  necessary  to  provide  the  cupellation 
furnace  with  some  arrangement  for  condensing  this  fume.  Usually 
extensive  flues  are  used  with  hanging  partitions  ^  or  occasionally  w^ater 
condensers,  and  the  working  openings  of  the  furnace  are  usually 
provided  with  hoods  to  protect  the  workmen  from  the  fumes. 


Cupellation  in  the  German  Furnace 

The  German  furnace  is  a  reverberatory  furnace,  with  either 
circular,  square  or  oval  hearth.  The  material  of  which  the  latt-er  is 
composed  must  be  such  that  it  neither  exerts  any  reducing  action 
upon  the  lead  oxide  nor  is  fluxed  by  it,  and  it  must  not  crack  at  the 
temperature  employed.  Certain  kinds  of  marl  possess  these  properties, 
as  does  also  a  mixture  of  clay  and  limestone,  composed  of  one  measure 
of  clay  to  3  or  4  of  limestone.  Formerly,  lixiviated  and  calcined 
wood  ashes  were  used  as  the  hearth  material ;  but  this  material  was 
not  only  more  costly  than  marl,  but,  on  account  of  its  porosity,  it 
absorbed  a  large  amount  of  litharge  and  gave  rise  to  considerable  losses 
of  lead  and  silver  when  the  broken-up  hearth  had  to  be  smelted. 
For  these  reasons  it  is  no  longer  used. 

The  natural  marl  used  at  the  smelting    works  in  the    Harz  is 

^  See  the  author's  Oeneral  Metallurgy, 
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found  in  the  chalk  (gault)  near  Langelsheim,  and  is  a  mixture  of 
calcium  carbonate  and  clay,  containing: — 

65  to  66  per  cent,  of  Calcium  carbonate 

5  to  7  „  Alumina 

21  to  24  „  Silica 

3  to  5  „  Oxide  of  iron 

1  to  2  „  Magnesium  carbonate 

At  Tamowitz  the  marl  contains  3  parts  of  dolomite  to  1  part  of 
clay.     The  dolomite  has  the  composition : — 

Silica 21-22  to  22*24  per  cent. 

Alumina 5-39  „     676 

Iron  oxide 354  „     5*39        „ 

Lime 6565  „   6641 

Magnesia 105  „     222 

Natural  marls  poor  in  lime  receive  an  addition  pf  limestone, 
whilst,  if  poor  in  clay,  that  material  is  added  to  them  in  the  requisite 
quantity.  If  the  marl  contains  too  much  clay  it  cracks  readily,  and  if 
too  much  calcium  carbonate  is  present,  the  hearth  becomes  too 
porous  and  is  liable  to  lift  on  heating. 

The  marl  is  first  stamped  to  powder  and  sieved,  and  is  then 
mixed  with  such  a  quantity  of  water  that  it  can  be  pressed  into  balls 
by  the  hand  without  actually  feeling  damp.  It  is  stamped  on  to 
the  floor  of  the  hearth  until  it  will  not  take  the  imprint  of  the  finger, 
the  exact  degree  of  solidity  being  of  great  importance,  a  too  compact 
hearth  easily  cracking,  whilst  a  too  porous  one  absorbs  too  much 
litharge. 

The  hearth  is  usually  stamped  down  on  a  layer  of  fire-resisting 
material,  resting  in  its  turn  on  a  bed  of  bricks  or  slag.  This  under 
layer  is  supported  by  masonry,  below  which  is  the  furnace  foundation. 
In  this  and  in  the  other  masonry  of  the  furnace  are  cross  channels  for 
conducting  away  moisture.  The  thickness  of  the  marl  hearth  is 
about  8  inches,  but  it  is  made  rather  thicker  at  the  edges,  and  at  the 
working  opening  (fildttloch).  The  litharge  flows  over  the  bottom  of 
this  opening,  which  is  made  fi-om  the  material  of  the  hearth  with  a 
channel  cut  in  it  through  which  the  litharge  flows.  As  the  level  of 
the  molten  metal  is  gradually  reduced,  this  channel  is  deepened  by 
scraping  it  out,  in  order  that  the  litharge  can  still  flow  away.  In 
order  to  prevent  the  litharge  soaking  through  and  finding  its  way  to 
the  brick  or  slag  bottom,  the  marl  hearth  has  at  times  been  built  up 
in  an  iron  pan,  but  this  iron  dish  is  not  in  general  use.     After  the 
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hearth  has  been  stamped  down,  a  circular  depression  about  three- 
quarters  of  an  inch  deep  is  cut  out  {Blickspur),  the  size  depending 
upon  the  amount  of  Bliclcsilber  that  is  to  be  collected,  with  the  object 
of  facilitating  the  collecting  of  the  latter. 

The  cover  of  the  hearth  is  in  the  shape  of  a  flat  dome,  and  is  so 
arranged  that  it  can  be  removed  by  means  of  a  crane  fixed  to  the  side 
walls  of  the  furnace.  By  the  removal  of  this  cover  the  cooling  of  the 
hearth  is  facilitated,  and,  as  after  each  cupellation  a  fresh  hearth  must 
be  made,  the  breaking  up  of  the  old  one  is  more  easily  effected. 
Formerly  the  hearth  cover  was  composed  entirely  of  iron  plate,  having 
a  clay  lining  held  up  by  iron  spirals  fastened  all  over  the  iron  cover, 
but  at  present  it  is  constructed  of  a  wrought-iron  frame  lined  with 
firebrick.  The  furnace  is  heated  either  with  bituminous  coal,  brown 
coal,  wood  or  peat,  gas  firing  having  only  been  tried  experimentally. 
If  a  coal  fire  is  used  the  grate  is  generally  closed,  and  a  blast  injected 
below  it. 

From  one  to  three  tuyeres  are  used  for  the  admission  of  the  blast 
over  the  surface  of  the  bath,  and  these  are  usually  provided  at  the 
nozzles  with  means  of  adjustment,  by  which  the  air  can  be  directed 
so  as  to  strike  the  bath  at  the  proper  angle.  The  tuyeres  are  so 
inclined  to  each  other  that  the  blast  meets  in  the  centre  of  the  bath. 
They  are  placed  somewhat  obliquely  opposite  the  litharge  outlet,  so 
that  the  outflowing  lithai-ge  shall  not  be  too  rich  in  silver.  The 
cupellation  furnaces  hold  from  5  to  30  tons  of  work-lead. 

As  types  of  the  various  forms  of  this  furnace,  the  older  and  newer 
ones  at  Lautenthal,  and  the  large  furnaces  at  Przibram  and  Freiberg 
are  given  below. 

The  old  Lautenthal  furnace  is  shown  in  Figs.  477  and  478 ;  r  is  the 
grate  with  blast  pipe  w  below,  m  is  the  hearth  chamber,  /  the  flue 
divided  by  fireclay  partitions  into  several  openings,  and  n  the  movable 
cover.  The  marl  hearth,  i,  rests  upon  a  layer  of  firebrick,  and  the 
latter  on  the  masonry,  z,  which  is  kept  dry  by  two  intersecting  channels 
in  it.  The  tuyeres  are  laid  in  the  openings,  x,  and  the  litharge  formed 
on  the  surface  of  the  bath  by  the  action  of  this  blast  is  drawn  off 
through  a  channel  cut  in  the  bottom  of  the  litharge  outlet,  g.  A  hood 
to  protect  the  worker  from  the  fumes  is  placed  over  this  outlet,  and 
is  connected  by  means  of  the  sheet-iron  pipe,  p,  to  the  flue.  The  chiu^^ 
for  this  furnace  amounts  to  10  tons  of  work-lead. 

The  newer  furnace  at  Lautenthal  is  arranged  as  shown  in  Figs. 
479  to  484,  Figs.  485  and  486  showing  the  construction  of  the  firebrick 
cover,  the  adjacent  bricks  being  bound  together  by  iron  pins,  b.  The 
charge  for  this  furnace  is  10  or  11  tons  of  work-lead. 


The  large  furnace  of  Przibram,  designed  hy  Czennak,  is  illustrated 
by  Figs.  487  to  490.  It  was  at  first  fired  by  gas,  but  was  afterwards 
altered  to  bum  coal.     The  hearth  is  square,  with  rounded  comers ;  b,  b 


are  the  grateswithblastbelow  them,  air  being  conveyed  by  the  pipes  Jt. 
The  flames  from  the  grate  pass  along  the  channel  c  into  the  hearth 
chamber,  and  the  waste  gases  pass  along  the  flues,  d,  d,  into  the 
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vertical  passages,  e,  e,  e,  and  thence  through  the  duat  collectors,  into  the 
chimney.  The  firing  can  be  regulated  by  the  damper,/  The  mari 
hearth,  n,  composed  of  3  parts  limestone  and  1  of  clay,  rests  on  an 


under  hearth  of  solidly  stamped  marl,  the  latter  supported  by  masonry, 
having  channels  as  shown  in  the  figure  to  secure  it  against  damp ; 
i  is  the  cover,  «.  a,  a  are  openings  for  the  introduction  of  the  thrw 
tuyeres,  and  h  is  the  litharge  outlet.     This  can  be  closed  by  a  sliding 
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door,  0,  in  order  to  protect  the  workmen  from  the  lead  fume,  and  the 
lithar^  is  tapped  periodically  by  removing  a  clay  plug  from  the 
litharge  outlet,  and  allowing  it  to  run  out.     The  circular  depression, 


g  {Blickspw),  is  for  the  collection  of  the  silver  (BHcksilber)  at  the 
conclusion  of  the  operation. 

The  charge  in  this  furnace  amounts  to  22'5  to  25  tons  of  work-lead 
and  this  large  furnace  is  found  to  give  better  results  than  the  smaller 
one  at  Przibram. 

The  large  cupellation  hearth,  di'signed  by  Plattner  and  in  use  at 
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Freiberg,  is  shown  in  Figs.  491  to  496.  It  is  an  oblong  furnace  with 
elliptical  hearth,  a  being  the  firegrate,  the  air  for  combustion  being 
introduced  below  by  the  pipe,  c ;  ic?  is  the  firebridge,  built  hollow  so  as 
to  allow  of  air  cooling.  The  marl  hearth,  z,  is  composed  of  a  mixture 
of  three  parts  of  Meissen  clay  and  two  parts  Silesian  marl.  Below  this 
is  a  layer  of  firebrick,  and  under  this  a  bed  of  slag,  a:,  resting  on 
masonry.  The  foundation  plate,  e,  is  of  cast-iron,  and  below  this 
are  channels  to  keep  the  foundations  dry.  The  pipe,  rf,  conveys  the 
blast  for  oxidation  to  the  tuyeres  placed  at  the  two  comers  of  the 
furnace,  y,y\h  is  the  litharge  outlet;  t,  i  the  doors  for  the  introduction 
of  the  lead,  and  v  is  the  crane  for  removing  the  hearth  cover.  The 
chief  dimensions  of  the  furnace  are  as  follows: — length  of  hearth 
13ft.  IJin.,  breadth  Sfb.  8in.,  length  of  firebridge  6ft.  7in.,  breadth 
29^in.,  height  above  grate  8in.,  height  above  lowest  point  of  hearth 
16in.,  length  of  grate  6ft.  Tin.,  breadth  2ft.  distance  between  the  two 
tuyeres  8ft.  2in.,  distance  between  hearth  and  corver  31  Jin.,  breadth  of 
litharge  outlet  35  Jin.,  height  of  same  above  the  hearth  bottom  33iin. 
The  waste  gases  pass  through  the  litharge  outlet,  and  pass  along  a  flue 
into  the  dust  chamber.  This  fiimace  is  used  for  concentrating  the  rich 
lead  up  to  a  certain  point  (80  per  cent,  silver),  and,  owing  to  the  great 
length  of  the  hearth,  it  is  difficult  to  maintain  the  requisite  tem- 
perature towards  the  end  of  the  process.  From  50  to  60  tons  of  work- 
lead  are  enriched  up  to  80  per  cent,  of  silver  in  a  campaign  of  7  to 
10  days. 

Tht  Process 

After  the  hearth  has  been  stamped  in,  the  charging  of  the 
furnace  with  work-lead  begins.  The  amount  of  work-lead  to  be 
cupelled  is  either  just  sufficient  to  fill  the  hearth  or  else  is  more  than 
sufficient ;  and  in  this  latter  case,  after  the  cupellation  has  gone  on 
for  some  time  and  the  level  of  the  bath  sinks  so  that  litharge  no 
longer  flows  out,  a  quantity  of  lead  equivalent  to  that  which  has  been 
oxidised  is  again  charged  in.  This  is  repeated,  fresh  additions  of  lead 
being  made  until  the  whole  has  been  introduced.  The  added  lead 
must  be  pure,  otherwise  the  impurities  which  in  the  first  charge  were 
removed  with  the  first  scum,  would  collect  in  the  litharge  and  render 
it  unsaleable.  If  a  marketable  litharge  is  to  be  made,  impure  leads 
must  therefore  be  refined  beforehand. 

After  the  charge  is  introduced,  the  hearth  cover  is  placed  in 
position  and  the  melting  down  of  the  lead  is  begun. 

The  lead  is  melted  very  slowly,  in  order  that  any  mechanically 
contained  impurities  may  have  an  opportunity  of  separating.    These 


o      o       o 
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impurities  consist  of  metallic  sulphides,  and  the  greater  part  of  the 
copper  contained  in  the  lead,  as  well  as  other  easily  oxidisable  consti- 
tuents, and  separate  as  a  dark  coloured  imperfectly  fluid  mass  which 
can  easily  be  raked  oflF  the  surface  with  a  faggot  of  wood  stuck  on  the 
end  of  an  iron  rod.  This  product,  known  as  Abzug,  is  only  formed 
when  very  impure  lead  is  being  worked,  and  is  afterwards  smelted, 
yielding  work-lead  and  matte. 

After  the  separation  of  the  Abzug,  the  blast  is  turned  on,  and  any 
antimony  and  arsenic  present  are  oxidised  with  the  production  of 
arseniate  and  antimoniate  of  lead,  which,  together  with  some  litharge, 
form  a  viscid  dark-coloured  scum  known  as  Abstrich, 

This  Abdrich  is  raked  oflF  as  formed  and  afterwards  smelted 
separately  for  hard  lead.  A  high  proportion  of  antimony,  needing 
much  time  for  its  removal,  greatly  retards  cupellation,  as  no  litharge 
forms  until  the  antimony  has  been  got  rid  of.  The  later  portions  of 
the  Abstrich  contain  a  large  admixture  of  litharge ;  and  after  the 
Abstrich  has  ceased  to  form,  pure  litharge  {Glatte)  begins  to  be  pro- 
duced, and  this  continues  until  the  end  of  the  cupellation  when  the 
Blicksilber  is  left. 

As  soon  as  the  Abzug  has  been  separated,  bubbles  of  gas  are  given 
oflF  from  the  surface  of  the  lead,  and  this  appearance  {Heerddrang) 
continues  during  the  whole  litharge  period.  It  is  chiefly  due  to 
steam  given  oflF  from  the  hearth,  and  in  a  less  degree  to  carbon 
dioxide  due  to  the  action  of  heat  and  of  lead  oxide  upon  the  calcium 
carbonate  in  the  material  of  the  hearth. 

The  molten  litharge  is  drawn  oflF  through  the  channel  formed  at 
the  bottom  of  the  litharge  outlet  by  means  of  a  rabble  {Glatthaktn), 
the  action  of  the  blast  tending  to  carry  it  towards  this  outlet ;  the 
channel  is  continually  deepened  as  the  cupellation  proceeds.  In  order 
to  diminish  the  loss  of  lead  by  volatilisation  the  operation  is  so  Cfon- 
ducted  that  the  bath  of  metal  is  kept  covered  with  litharge  .for  a  space 
of  from  12  to  19  J  inches  from  its  edge,  and  so  that  the  litharge  ceases 
to  flow  as  soon  as  the  blast  is  turned  oflF.  At  some  works  the  litharge 
is  allowed  to  completely  cover  the  bath  of  metal,  and  is  only  tapped 
periodically.  The  furnace  temperature  also  must  be  carefiilly 
regulated  so  as  to  avoid  loss  by  excessive  volatilisation,  though,  as  the 
lead  becomes  richer  in  silver  and  less  fusible,  and  the  space  above  it 
becomes  greater,  both  the  furnace  temperature  and  the  quantity  of 
the  blast  must  be  increased. 

The  amount  of  blast  in  a  circular  furnace  of  8  feet  diameter,  at 
the  commencement  of  the  process,  is  from  106  to  143  cubic  feet  per 
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minute,  and  afterwards  211  to  282  cubic  feet,  whilst  the  pressure 
varies  from  f  to  1  inch  of  mercliry. 

The  first-formed  litharge  possesses  a  dark  green  or  brown  colour, 
and  is  impure  owing  to  the  presence  of  various  elements,  but  particu- 
larly of  the  last  portions  of  the  antimony  and  copper,  and  is  known  as 
'^foot "  litharge  (Fussgldtte)  or  "  black  "  or  "  vnld  "  litharge  {^hwarze 
Gldtte,  ioUde  Olatte).  It  is  not  marketable  even  when  poor  lead  is 
being  treated,  and  is  smelted  for  work-lead* 

The  litharge  which  forms  next,  when  rich  lead  such  as  that 
obtained  by  the  zinc  process  is  being  cupelled,  is  rich  in  silver,  and  is 
consequently  also  smelted  for  work-lead,  being  either  added  to  the 
ore  or  matte  smelting  process  or  worked  up  alone. 

If  the  lead  undergoing  cupellation  is  poor,  the  litharge,  with  the 
exception  of  the  latter  portions,  is  also  poor  in  silver,  and  is  either 
sold  as  such,  or  is  smelted  for  market  lead  either  alone  or  with  other 
lead  bye-products  poor  in  silver. 

The  litharge,  whether  poor  or  rich  in  silver,  may  have  a  yellow 
or  red  colour  though  presenting  no  diflferences  whatever  in  chemical 
composition.  The  yellow  form,  known  as  sUver  litharge,  is  pro- 
duced when  molten  litharge  is  quickly  cooled,  as  when,  for  instance, 
it  is  allowed  to  flow  from  the  fiimace  on  to  an  iron  plate  and  is  then 
cooled  by  water. 

The  red  or  gold  litharge  is  produced  by  slow  cooling  when,  for 
instance,  large  masses  of  molten  litharge  slowly  solidify,  this  being 
attained  by  allowing  the  litharge  to  flow  into  large  receivers  placed 
in  front  of  the  litharge  outlet  of  the  hearth.  The  masses  obtained  in 
this  way  break  up  on  cooling,  forming  after  a  little  time  an  easily 
disintegrated  friable  mass  of  small  red  scales  or  flakes.  This 
disintegration  is  due  to  the  absorption  of  oxygen  from  the  air  by  the 
molten  litharge,  the  gas  being  again  given  out  on  cooling. 

The  yellow  litharge  is  *^  freshenedl'  that  is,  reduced  to  metallic 
lead,  whilst  the  red  variety,  if  from  the  cupellation  of  poor  lead,  is 
broken  up  and  sieved,  and  sent  to  market* 

The  latter  portions  of  the  litharge,  even  in  the  cupellation  of  lead 
poor  in  silver,  are  argentiferous  and  are  therefore  smelted  for  work- 
lead  or  else  used  as  a  leading  material  for  silver  ores  or  argentiferous 
smelting  products. 

In  the  cupellation  of  lead  containing  bismuth,  the  latter  portions 
of  the  litharge  are  found  to  contain  that  metal,  and  they  are 
''freshened"  with  the  production  of  a  lead  rich  in  bismuth.  On 
cupelling  the  latter,  a  litharge   still  richer   iii   bismuth    oxide  is 
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obtained,  and  this  is  worked  up  for  the  metal  or  its  salts  in  the 
wet  way. 

Towards  the  end  of  the  cupellation  the  last  portions  of  the 
litharge  collect  together  in  the  form  of  coloured  rings  {Oldttaugen) 
and  this  appearance,  which  precedes  the  brightening,  is  knovm  as  the 
**flotoering  "  (Blwnen)  of  the  silver.  The  appearance  is  due  to  the  feet 
that  the  layer  of  litharge  is  not  sufficient  to  completely  cover  the 
surface  of  the  silver,  and  forms  a  sort  of  network  over  it,  through 
which  the  bright  metallic  surface  can  be  seen.  At  the  end  of  the 
operation  this  litharge  finds  its  way  to  the  edges  of  the  bath, 
leaving  the  bright  surface  with  a  mirror-like  appearance,  and  this 
last  stage  is  called  the  brigfUendng  or  Blicken  of  the  silver. 

The  BlicksHber  obtained  in  this  way  still  contains  from  5  to  10 
per  cent,  of  impurity  consisting  of  lead,  bismuth  or  copper.  In  most 
works  after  it  has  solidified,  it  is  cooled  with  water,  withdrawn  from 
the  furnace,  broken  into  pieces  and  submitted  afresh  to  the 
cupellation  process  in  a  different  furnace,  this  refining  operation 
being  known  as  fine-burning  {Fei'rArennen), 

In  some  places  the  refining  operation  is  conducted  in  the  same 
furnace,  necessitating  the  employment  of  a  much  higher  temperature 
than  in  the  previous  cupellation. 

In  order  to  separate  copper  from  the  BlicksHber,  lead  is  added  to 
it  whilst  in  the  furnace,  and  the  process  of  cupellation  is  continued, 
the  copper  being  oxidised  and  carried  off  with  the  litharge. 

If  the  cupellation  is  not  to  be  carried  as  fex  as  the  brightening 
stage,  it  is  interrupted  when  the  lead  has  been  sufficiently  enriched 
(up  to  40  to  80  per  cent,  of  silver).  This  enriched  lead  is  then  ladled 
or  tapped  out  of  the  furnace  and  recupelled  either  for  Bliekeilber  or 
directly  to  fine  silver.  This  enriching  of  the  lead  is  called  cupellation 
to  "  SchTvarzblick"  the  enriched  alloy  being  called  *'  Schvxirzblick''  or 
"  BUileder"  and  the  method  is  principally  used  when  the  object  b 
to  obtain  the  bismuth  contained  in  the  lead^  as  at  Freiberg. 

In  this  method  of  enriching,  a  part  of  the  lead  is  subsequently 
charged ;  these  additions  begin  when  litharge  commences  to  form. 

The  top  portions  of  the  marl  hearth  absorb  considerable  amounts 
of  litharge,  and  where  bismuth  is  present  it  collects  chiefly  in  those 
portions  lying  nearest  the  Blicksilber.  The  portions  of  the  hearth 
saturated  with  litharge  are  broken  up  after  each  cupellation,  and 
either  used  as  a  leading  material  in  the  smelting  of  silver  ores,  or 
else  they  are  smelted  alone  for  work-lead.  The  portions  rich  in  bis- 
muth are  worked  up  in  the  same  way  as  the  litharge  which  contains 
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bismuth.  The  hearth  is  broken  up  after  the  furnace  has  cooled  down, 
and  after  the  grains  and  pieces  of  silver  embedded  in  the  hearth  have 
been  picked  out.  The  portions  of  the  hearth  free  from  litharge  are 
used  again  in  the  preparation  of  the  next  hearth. 

There  is  a  considerable  loss  of  lead  in  cupellation  and  a  smaller 
loss  of  silver.  The  lead  loss  is  either  direct  or  indirect,  the  direct 
loss  being  partly  caused  by  volatilisation  owing  to  the  comparatively 
high  temperature,  and  partly  by  the  fact  that  the  litharge  carries 
away  particles  of  lead.  The  indirect  loss  is  that  which  takes  place 
during  the  smelting  of  the  litharge  and  the  litharge-soaked  hearth, 
when  part  of  the  lead  is  lost  in  the  slag.  The  volatilisation  loss 
increases  with  the  temperature,  whilst  if  the  cupellation  be  conducted 
more  slowly  and  at  a  lower  temperature,  the  loss  owing  to  particles 
of  lead  being  carried  away  by  the  litharge  becomes  greater.  The 
total  loss  of  lead  varies  from  3  to  8  per  cent,  of  the  weight  of  the 
lead  cupelled. 

The  loss  of  silver  is  partly  due  to  volatilisation  and  partly  to 
losses  in  the  smelting  of  the  litharge  and  heiui^h,  whereby  a  portion 
of  the  silver  goes  into  the  slag.  The  total  silver,  loss  is  less  than  1 
per  cent,  and  usually  below  0*5  per  cent. 

The  time  taken  in  the  cupellation  process  varies  according  to  the 
weight  of  the  charge  and  the  character  and  amount  of  the  impurities : 
contained  in  it  from  20  to  300  hours,  the  presence  of  antimony  in 
particular  much  prolonging  the  process. 

The  coal  consumption  amounts  to  from  20  to  30  per  cent,  of  the 
weight  of  the  lead,  varying  with  the  purity  of  the  lead  and  the  type 
of  furnace  used. 

The  products  of  the  operation  are — Blicksilber  or  fine  silver, 
8cu7}is  (Ahzug,  Abstrich),  litharge  and  hearth  (that  is,  litharge-saturated, 
hearth). 

The  Blicksilber  contains  from  5  to  10  per  cent,  of  foreign  metals 
the  composition  of  three  samples  being  given  below : — 


Przilirun. 

Ftelbeig. 

WyandotU 
(MichlganX 

Silver 

92'IS 
4^21 
2104 
0-6 

1-09 

0117 

0-004 

0-09 

00058 

0-0023 

Lead 

Copper  

Nickel  and  Cobalt  .... 
Iron 

Bismuth 

Gold 

110 
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The  Abzug  varies  in  composition  chiefly  as  regards  the  copper  and 
metallic  sulphides  it  contains.  Abzug  from  Pontgibaud  had  the 
following  composition : — 


Lead  monoxide 
Cuprio  oxide .  . 
Ferric  oxide  .  . 
Zinc  oxide .  .  . 
Antimony  oxide 
Sulphur  .  .  .  . 
Lead 


Sample  1. 


37-9 
6-0 
6-8 
5-4 
6-2 
7-3 

34-9 


Sample  2. 


56-2 
1-2 
5-7 
4-9 
0-5 

24-4 


Samples  of  Abstrich  from  three  localities  gave  the  following  results 
on  analysis : — 


Frelbeig. 

Altcnaa. 

Kap&ik  (Hnngaij)* 

Lead  monoxide 

Cupric  oxide 

Ferric  oxide 

Zinc  oxide    ........ 

Antimony  oxide  (SbgOg)    . 

Arsenious  oxide 

Sulphur 

Lead 

95-5 
0-5 
0-3 
11 

2-3 

6713 

\       traces 

0-38 
31-1 

2-23 

53-28 
0-05 
0-58 

42-9 
2-34 
0-07 
0-45 

The  composition  of  three  samples  of  litharge  {Bldglatte)  is  given 
below : — 


Lead  monoxide 

Cupric  oxide    . 

Ferric  oxide 

Zinc  oxide -. 

Silver  oxide  .    .       ..... 

Antimonic  and  Arsenic  oxides 

Lime 

Alumina 

Carbon  dioxide    ...... 

Silica 


Freiberg. 

Glausthal. 

Pnlbnm. 

96-21 

99-69 

97-88 

0-82 

0-04 

0-24 

0-41 

traces 

traces 

1-31 

^_ 

0-003 

— 

OH)02 

1-21 

— 

traces 

; — 

— 

0-24 

— 

0^ 

— 

— 

01 

— 

0-66 

The  amount  of  silver  in  the  litharge  is  dependent  upon  the 
amount  in  the  work-lead,  and  with  rich  varieties  it  is  seldom  less  thau 
002  or  003  per  cent. 
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The  composition  of  a  sample  of  the  litharge-soaked  hearth  from 
the  Przibram  furnaces  was  found  to  be  as  follows  : — 

Lead  monoxide    .     .     .  68*86  Ferric  oxide 0*3 

Cupric  oxide  ....    0*07  Calcium  carbonate .     ,     .  24*1 

Antimony  oxide  (Sb^Og)  0-53  Silica 297 

Silver  oxide     .     .     .     .0*17  Sulphuric  anhydride   .     .    0*04 

Alumina 2-12 

Here  again  the  amount  of  silver  present  depends  upon  the 
richness  of  the  cupelled  lead,  varying  in  the  Upper  Harz  from  0*03  to 
0*2  per  cent. 

The  cupellation  process  is  conducted  either  by  (a)  placing  the 
entire  quantity  of  work-lead  in  the  fiimace  at  the  beginning  of  the 
operation  {Treiben  ohne  Nachsetzen)  or  else  (b)  only  a  portion  of  the  lead 
is  put  in  and  the  rest  added  at  intervals  as  the  lead  becomes 
oxidised  {mU  Nachsetzen)]  details  of  both  these  processes  will  be 
found  below. 


(a)  Cupellation  without  Additions  of  Lead  {ohne 

Nachsetzen) 

At  the  Rothenbach  works  near  MUsen,  in  the  Siegen  district, 
25^  tons  of  work-lead  rich  in  antimony  are  placed  in  a  furnace, 
the  hearth  of  which  is  10  feet  3  inches  in  diameter,  and  this  is 
cupelled  for  Blidcsilber  in  300  hours.  Of  this  period  3  hours  are 
occupied  in  charging,  24  to  27  hours  in  melting,  the  Abzug  period 
lasts  9  hours,  the  Abstrich  formation  goes  on  for  144  hours,  and  the 
production  of  litharge  for  117  hours.  The  fuel  used  is  wood,  of 
which  21  cubic  feet  are  used  for  every  5  tons  of  work-lead.  From 
every  100  parts  of  work-lead  7*6  parts  of  Abzug,  21  parts  of  Abstrich, 
52  parts  of  impure  litharge,  30  parts  of  "silver"  and  "gold" 
litharge  containing  0*004  to  0006  per  cent,  of  silver,  and  0*28  part 
of  BlicksUber  are  produced.  The  "  silver  "  and  "  gold  "  litharge  are 
sent  to  market. 

At  the  Lautenthal  works  6  tons  of  rich  work-lead  from  the  zinc 
desilverising  process  were  formerly  charged  into  the  fiimace  previously 
described  (page  698).  After  the  litharge  period  commences,  a  mix- 
ture of  lead  oxide  and  shots  of  lead  is  added  to  the  bath,  and  the 
whole  process,  including  this  operation,  lasts  32  hours.  For  each 
operation  14  to  15  cwts.  of  coal  are  used,  and  12  to  15  score  bundles 
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of  faggots.     One  workman  and  one  fireman  are  required  for  each 
shift. 

In  the  present  method  of  working,  the  furnace  receives  a  charge 
of  10  tons,  consisting  of  work-lead  and  leached-out  oxide  from  the 
steam  treatment  of  copper  scum,  the  latter  making  up  xx  of  the 
charge  (yearly  average  for  1898-9).  The  various  operations  take  up 
the  following  times,  in  hours : — Preparation  of  hearth  4,  charging-in 
1-1  J,  melting-down  2-3,  removal  of  Abzug  f-l^,  removal  of  AhUrick 
2-3,  the  litharge  period  23-38,  the  flowering  period  |-f ,  and  the 
cooling-down  2-2J.  The  average  produce  for  the  year  from  1  ton 
of  cupelled  material  is  97  lbs.  of  fiimace  silver,  108  lbs.  of  Abzug, 
57  lbs.  oi  Ahstrich,  16*4  cwts.  of  litharge,  and  3J  cwts.  of  hearth ;  and 
the  fuel  consumption  is  3|  cwts.  of  coal,  4*4  cubic  feet  of  charcoal, 
and  0'418  faggot  of  wood.  One  ton  of  charge  requires  in  addition 
2  cwts.  of  marl  for  hearths,  and  2  men  attend  a  furnace  in  each 
shift. 

At  the  Clausthal  works  impure  work-lead  from  matte  smelting 
with  the  following  average  composition  is  cupelled : — 

Bismuth     .  000301  per  cent.  Zinc     .  .  .     0*0012  per  cent 

Copper       .  0-502  ,,  Nickel.  .  .    000604    „ 

Antimony  .  08278        „  Silver  .  .  .    0*353 

Iron .     .     .  0-0018        „  Lead    .  .  .  98-30615     „ 

The  hearth  is  8  feet  3  inches  in  diameter,  and  the  charge  of  10 
tons  of  work-lead  requires  36  hours  to  work  oflF.  Of  this  time 
2  hours  are  used  for  forming  the  hearth  and  charging,  2  hours  for 
melting  and  drawing  off  the  Abzug,  the  Abstrieh  period  lasting  4 
hours,  and  the  litharge  period  28  hours.  Each  cupellation  requires 
on  an  average  200  bundles  of  wood  (faggots)  and  1'3  to  1*4  tons  of 
coal,  and  from  10  tons  of  work-lead  the  yields  are  37  lbs.  of  Blick- 
silbeVy  8-6  tons  of  litharge,  containing  0'005  per  cent,  of  silver,  J  toB 
of  Abzug  and  Abstrich,  and  about  1*8  tons  of  hearth,  impregnated  with 
litharge.  During  each  12-hourly  shift  the  services  of  one  workman 
and  one  fireman  are  required.  The  Clausthal  work-lead  is  at  present 
refined  and  then  treated  by  the  zinc  process. 

At  Altenau  and  also  at  Andreasberg,  additions  of  argentiferous 
metallurgical  products  and  rich  silver  ores  are  made  during  the 
cupellation.  The  duration  of  the  operation  with  10  to  12  tons  of 
work-lead  varies  according  to  the  amount  of  the  materials  added 
from  24  to  36  hours,  and  the  amounts  of  the  various  products  from 
both  works,  taken  over  a  long  working  period,  are  as  follows : — 
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Charge    •    .     . 
Materials  added : 
{evngetrankt) 


Altenau 
1749*2    tons  work-lead. 


2-5 


» 


»> 


it 


6-604 
1005 
9-2 


n 


n 


n 


Fuel  consumption 
Hea;^h  Jterial 


7i 


>» 


Charge  .     .     . 
Materials  added  : 
(eingetrdnkt) 


silver  slimes  (from  the  electro- 
lytic process  and  sulphuric 
acid  extraction), 
foreign  ores. 

Abzug  from  a  former  operation, 
rich    oxide    (from    the    treat- 
ment of  the  rich  scums  with 
steam). 
189  tons  coal. 
8103  faggots  of  wood. 
4633  cubic  feet  of  marl. 
850  cubic  feet  of  clay  slate. 

Andreasberg 

2312'4  tons  work-lead. 


9J 


7-3 

1-21 

1-6 


9i 


n 


if 


Fuel  consumption 


» 


it 


Hearth  material 


»j 


»> 


tons  of  ore. 

slag  from  fine  cupellation. 
rich  oxides  (from  the  treat- 
ment of  rich  scum  with 
steam), 
metallurgical  bye-products, 
of  coal. 
485      cubic  yards  of  wood. 
.    212      tons  of  marl. 
3,000     cubic  feet  of  clay  slate. 


6-38 
3171 


» 


>f 


The  labour  required  is  the  same  as  for  the  Lautenthal  and  Claus- 
thal  furnaces. 

At  Hoboken,  near  Antwerp,  the  cupellation  furnace  was  similar  to 
the  later  form  of  Lautenthal  frimace,  which  has  already  been  described, 
and  the  charge  consisted  of  10  tons  of  work-lead.  To  this  was  added 
from  60  to  100  per  cent,  of  its  weight  of  argentiferous  products)  residues 
from  the  rich  scum  distillation,  lixiviated  oxides  from  the  treatment 
of  the  rich  scum  with  steam,  and  silver  slimes  from  the  treatment  of 
the  zinc-silver  alloy  with  sulphuric  acid).  The  cupellation  lasted  from 
36  to  40  hours,  and  the  coal  consumption  amounted  to  20  to  25  per 
cent,  of  the  total  weight  of  the  materials  treated,  one  workman  and 
one  fireman  being  employed  for  each  shift. 

At  Pi'zibram,  in  Bohemia,  25  tons  of  work-lead,  containing  on  an 
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average  0*52  per  cent,  of  silver,  are  cupelled  in  80  hours  in  the  large 
furnace  described  on  p.  698. 

The  making  of  the  hearth  and  the  charging  of  the  material 
occupies  8  hours,  the  melting  16  hours,  the  Abzug  period  lasts 
6  hours,  the  Abstrich  period  9  hours,  and  the  litharge  production  goes 
on  for  41  hours,  during  23  hours  of  which  marketable  litharge,  poor 
in  silver,  is  being  produced,  the  remaining  18  hours  being  the  period 
of  production  of  litharge  rich  in  silver.  The  coal  consumption 
amounts  to  19'63  per  cent,  of  the  weight  of  the  work-lead.  Of  the 
entire  quantity  of  litharge,  36  per  cent,  is  so  poor  in  silver  (0'004  per 
cent.)  that  it  is  sold  as  market  litharge.  The  silver  loss  amounts  to 
0*83  per  cent.,  and  the  loss  of  lead  to  4*33  per  cent.,  the  losses  arising 
during  the  working  up  of  the  products  not  being  included.  The 
furnace  is  worked  on  eight-hour  shifts,  with  one  workman  and  an 
assistant. 

(b)  CUPELLATION  WIIH  ADDITIONS  OF  LeAD  DuRING  THE   PbOCESS 

{mit  Nachsetzen) 

This  process,  the  object  of  which  is  the  production  of  enriched 
lead  by  a  concentrating  cupellation,  is  worked  at  Freiberg  and 
Schemnitz. 

In  the  older  circular  form  of  furnace  at  Frieberg  10  tons  of  lead 
constitute  the  first  charge,  and  25  tons  are  added  during  the  cupella- 
tion, and  cupelled  up  to  60  or  70  per  cent,  of  silver.  The  whole 
operation  lasts  from  100  to  102  hours,  the  blast  pressure  being  0*6 
inch  of  mercury,  and  the  fuel  consumption  35'3  cubic  feet  of  wood 
and  280  to  315  cubic  feet  of  brown  coal. 

The  enriched  lead  {Schioarzblidc  or  Bleileder)  is  ladled  fix)m  the 
hearth  into  cast-iron  moulds,  and  then  refined  in  a  smaller  hearth, 
yielding  fine  silver  (998  fine)  and  bismuth  litharge,  0*9  to  1-2  tons 
being  worked  at  a  time.  The  litharge  with  4  to  8  per  cent  of 
bismuth,  and  the  hearth  with  6  per  cent,  of  bismuth,  are  treated  in 
the  wet  way  for  that  metal  or  its  salts. 

In  the  Plattner  oval  furnace  described  on  p.  703,  the  amount  of 
lead  worked  in  ea«h  cupellation,  including  the  additions,  amounts  to  50 
to  60  tons,  this  being  enriched  up  to  80  per  cent,  of  silver,  60'85  tons 
requiring  178  hours  for  cupellation.^  Every  100  parts  of  work-lead 
require  26*79  of  brown  coal,  and  7*5  parts  of  marl  for  the  hearth,  and 
the  products  per  100  parts  of  work-lead  are  12*52  parts  of  red 
marketable  litharge,  75'59  parts  of  argentiferous  litharge,  and  11*75 

*  Freiberger  Jahrbuch,  1885. 
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parts  of  litharge-soaked  hearth.  The  enriched  lead  is  worked  up  in 
a  smaller  cupellation  hearth  to  fine  silver,  and  litharge  rich  in 
bismuth. 

At  Schemnitz,  in  Hungary,  work-lead  is  similarly  cupelled  up  to 
50  per  cent,  of  silver,  the  Schvmrzblick  thus  produced  being  further 
worked  for  Blicksilbery  and  afterwards  cupelled  for  fine  silver.  The 
Schemnitz  cupellation  furnace  has  a  hearth  13  feet  1|^  in.  in  diameter, 
and  holds  7  to  8  tons  of  lead,  the  amoimt  of  lead  added  during  the 
process  amounting  to  20  to  30  tons,  the  cupellation  lasting  from  8  to 
10  days.  The  litharge  flows  directly  from  the  litharge  outlet  into  an 
iron  box  filled  with  glowing  charcoal,  the  so-called  Siberian  or  Bemaul 
furnace,  and  is  here  reduced,  the  molten  lead  flowing  away  from  the 
lower  part ;  4  cwts.  of  lead  are  reduced  by  3*5  cubic  feet  (39  to 
44  lbs.)  of  charcoal.  The  reduced  lead  contains  antimony,  from 
which  it  is  freed  by  fusion  in  iron  pots  and  treatment  with  steam ;  it 
is  then  treated  with  zinc  in  order  to  separate  any  silver  and  copper, 
and  lastly,  treated  again  with  steam  to  get  rid  of  the  zinc.  This 
purified  lead  is  partly  sent  to  market,  and  partly  converted  into  "  gold  '* 
litharge  by  cupellation.  The  fineness  of  the  silver  obtained  varies 
from  990  to  997,  and  on  an  average  1  part  of  silver  is  obtained 
from  200  of  work-lead.  The  average  amoimt  of  gold  present  in  the 
fine  silver  amounts  to  25  parts  per  thousand.  For  every  10  tons  of 
work-lead  cupelled,  565  cubic  feet  of  wood  are  required  as  fiiel. 

Cupellation  in  the  English  Furnace 

The  English  frimace  possesses  a  movable  hearth  but  a  fixed  roof, 
and  holds  a  much  smaller  amount  of  lead  than  the  German  frimace. 
The  work  in  this  frimace  is  generally  so  conducted  that  the  work- 
lead  with  constant  additions  of  lead  is  enriched  up  to  a  certain  point, 
and  then  run  out  of  the  furnace :  when  a  sufficient  quantity  has 
accumulated  it  is  worked  up  for  fine  silver.  The  fine  silver  is  rarely 
obtained  from  the  work-lead  in  one  operation. 

The  furnace  hearth  is  built  up  in  a  movable  fr^me  called  a  test 
ring,  the  cupel  itself  being  known  as  the  test.  Formerly  bone  ash 
was  exclusively  employed  as  the  material  for  the  test,  but  at  present 
marl  of  similar  composition  to  that  used  for  the  German  frimace  is 
also  used,  or  cement,  or  a  mixture  of  cement  and  fireclay. 

The  movable  hearth  allows  of  the  English  furnace  being  worked 
continuously,  because  a  hearth  which  needs  repairing  can  be  replaced 
by  one  previously  prepared,  time  and  fiiel  being  in  this  way  saved, 
whilst  the  capacity  of  the  furnace  is  increased. 
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In  the  United  States  various  improvements  have  been  made  in 
late  years^  with  the  result  that  the  capacity  of  the  furnaces  has  been 
enlarged,  and  the  durability  of  the  berths  has  also  been  increased  by 
a  more  careful  selection  of  materials  and  by  the  introduction  of  water 
cooling. 

The  English  furnace  in  its  later  forms  is  preferable  to  the  German 
hearth  when  rich  silver-lead  is  to  be  cupelled  and  the  litharge  pro- 
duced is  too  rich  in  silver  to  be  sent  to  market. 

The  arrangement  of  the  older  form  of  English  furnace  is  shown  in 
Figs.  497  to  500.  A  is  the  grate,  B  the  heating  space,  c  the  oval 
hearth,  and  g  the  flue,  divided  into  two  channels.  The  iron  ring  into 
which  the  bone  ash  or  marl  is  rammed  (Figs.  499  and  500)  consists 
of  an  elliptical  wrought  iron  band  a,  with  cross  pieces  6,  the  latter 
supporting  the  hearth.  This  test  ring  is  first  filled  full  of  the  com- 
pressed hearth  material,  and  then  the  hollow  cavity  c  is  cut  out  of 
this.  At  one  end  channels  d,  d,  d  for  the  litharge  are  cut,  the 
molten  litharge  flowing  along  these  and  then  through  a  hole  in  the 
test  into  a  receiver  below  the  hearth.  The  test  is  encircled  by  a 
compass  ring  in  the  furnace  and  fixed  firmly  in  position  by  four  iron 
wedges,  the  joint  between  the  test  and  the  compass  ring  being  filled 
in  with  some  of  the  hearth  material.  The  lead  to  be  cupelled  is 
either  melted  in  a  special  cast-iron  pot  and  run  from  this  into  the 
hearth,  or  else  it  is  placed  in  the  passages  /,/,  where  it  melts  and 
flows  into  the  hearth ;  i  is  the  working  opening,  and  e  is  the  opening 
for  the  tuyere  supplying  the  air-blast  for  oxidation.  The  enriched 
lead  is  either  ladled  out  of  the  cavity  of  the  test  or  else  tapped  by 
boring  a  hole  through  the  test  bottom. 

An  American  furnace  ^  with  rectangular  hearth  is  shown  in  Figs. 
501  to  505,  where  x  is  the  grate,  B  the  heating  chamber,  F  the  flue 
divided  into  three  channels  by  brick  partitions  for  the  purpose  of 
spreading  the  flame  equally  over  the  sur£9M)e  of  the  bath.  The  waste 
gases  pass  away  by  the  vertical  flue  G  to  the  dust  chambers,  and  the 
whole  fiimace  is  bound  together  with  cast-iron  plates.  The  grate 
surface  measures  4  feet  6  inches  by  2  feet  9  inches,  the  hearth  4  feet 
4  inches  by  3  feet  6  inches ;  the  roof  y  slopes  sharply  firom  the  grate 
to  the  flue,  so  as  to  throw  the  heat  on  to  the  hearth ;  k  is  the  compass 
ring,  in  which  the  test  ring,  supported  on  wheels,  and  not  shown  in 
the  drawing,  is  placed.  This  ring  is  rectangular  in  shape  with 
rounded  comers,  the  ring  being  cut  away  at  the  litharge  outlet }. 
The  distance  from  the  grate  bars  to  the  roof  is  28  inches,  and  from 
the  roof  to  the  upper  edge  of  the  compass  ring  9J  inches.     At  the 

^  Hof  man,  op.  cU. 
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&r  side  of  the  furnace  is  an  opening  n,  which  can  be  closed  by  a 
sliding  door  o,  and  eerves  both  for  the  introduction  of  the  blast  tuyere 
and  for  charging  in  the  lead  in  pigs. 

The  teat  is  shown  in  Figs,  506  to  508.    It  is  supported  on 
wheels,  and,  like  the  compass  ring  into  which  it  fits,  is  rectangular 
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with  round  corners,  this  shape  affording  a  greater  surface  for  oxida- 
tion than  the  oval  form.  The  iron  mould  y  is  only  used  in  the  build- 
ing up  of  the  hearth,  the  hearth  material  being  rammed  in  all 
round  it.  The  upper  surface  of  the  test  lies  on  a  level  with  the  upper 
edge  of  the  compass  ring,  and  at  the  front  the  test  has  a  slit  t, 
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3  inches  wide,  serving  as  an  outlet  for  the  litharge,  the  slit  being 
closed  whilst  the  hearth  is  being  rammed  into  shape.  The  test  can 
be  raised  or  lowered  by  screws,  as  shown  in  the  figure,  the  hinder- 
most  screws  e  raising  the  back  portions  of  the  frame  a,  whilst  the 
screw  g  and  handwheel  h  permit  of  its  being  raised  or  lowered  from 
the  front.  The  manipulation  of  the  two  back  screwa  e  during  the  work- 
ing of  the  friTUace  being  difficult,  these  screws  are  chiefly  used  to 
facilitate  the  introduction  of  the  hearth  into  the  compass  ring  and 
to  support  it  during  the  operation. 


Figs.  509  to  511  show  a  teat  with  four  supporting  screws,  by  the 
aid  of  which  it  can  be  firmly  fixed  in  the  compass  ring.  As  the 
adjustment  of  these  screws  is  difficult  when  the  furnace  is  hot,  the 
two  front  screws  may  be  omitted  and  the  test  suspended  at  its  front 
end.  Such  an  arrangement,  designed  by  Lynch,^  is  shown  in 
Figs.  512  and  513,  where  the  back  portion  of  the  test  can  be  raised 
or  lowered  by  screws  :i;  x,  the  ends  of  which  work  in  the  holes  z,  z.  At 
the  front  of  the  test,  two  iron  bare  m,  m  are  fiistened,  and  their 
.'  Blske,  Trartf.  A.I.M.E.  x.  p.  2-20. 
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projecting  ends  hook  on  to  o,  o,  and  by  means  of  the  differential  pulley 
block  a,  the  test  can  be  readily  raised  or  lowered.  This  can  be 
effected  so  very  steadily  and  gently,  that  the  flow  of  litharge  can 
readily  be  regulated  thereby,  or  the  whole  contents  of  the  hearth, 
consisting  of  enriched  lead  or  of  silver,  can  be  poured  out. 

Rosing  ^  has  suggested  a  movable  hearth,  which  can  be  tipped  by 
means  of  a  toothed  wheel,  gearing  in  a  toothed  segment,  fastened 
below  the  hearth,  but  this  arrangement  has  not  come  into  use.  The 
movable  form  of  hearth  is  generally  adopted  when  the  hearth  is  not 
completely  cooled  by  water,  and  the  flow  of  litharge  is  regulated  by 
deepening  the  litharge  channel,  and  is  not  used  with  water-cooled 
hearths  with  a  fixed  litharge  channel  incapable  of  being  cut  do^vn. 

In  addition  to  the  methods  of  fixing  the  test  just  mentioned,  it 
may  be  firmly  fastened  in  place  by  means  of  wedges.  The  hearths 
of  some  modem  furnaces  are  kept  cool  by  means  of  a  water-jacket  in 

order  to  diminish  the  corrosive  action  of  the 
litharge  upon  the  material  composing  them. 
Either  the  breast  of  the  hearth  may  be  cooled 
in  this  way,  or  both  the  longer  sides,  or  the 
entire  hearth.  When  the  breast  is  cooled,  the 
iron  composing  the  water-jacket  is  protected  from 
the  action  of  the  litharge  by  a  coating  of  the 
hearth  material  4  inches  thick,  the  litharge 
channel  in  this  case  being  out  of  the  hearth 
itself 

The  best  method  of  applying  water-cooling  is 
by  Steitz's  system,  where  the  entire  sides  of  the 
hearth  are  jacketed,  this  arrangement  being  shown 
in  Figs.  514  and  515 ;  j  is  the  rectangular  jacket 
made  of  iron  plate,  and  having  on  the  front  side 
a  space  in  which  a  small  cast-iron  water-jacket  b  is  placed.  This 
smaller  jacket  is  bolted  on  to  the  main  one  and  has  a  channel  e  in 
its  upper  surface  which  acts  as  the  litharge  outlet.  The  hearth 
lining  /,  4  inches  thick,  separates  the  fluid  litharge  from  the  jacket, 
and,  like  the  latter,  rests  on  the  cast-iron  hearth  plate  h.  The 
litharge  outlet,  however,  being  in  direct  contact  with  the  fluid 
litharge,  is  soon  attacked  and  eaten  away,  but  owing  to  its  con- 
struction it  can  easily  be  removed  and  replaced  by  a  fresh  one 
without  interrupting  the  work. 

This  water-jacketed  Steitz  hearth  is  particularly  suitable  for  the 
concentration  of  argentiferous  lead,  as  in  this  operation  the  surface  of 

1  Berg-  wid  ffmenm-  Ztg.  1883,  p.  577. 
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Figs.  514  and  515. 


SILVER  721 

the  bath  of  molten  metal  can  always  be  kept  at  a  particular  height ; 
it  is  not,  however,  so  well  adapted  to  the  cupellation  for  fine  silver 
owing  to  the  level  of  the  litharge  outlet  being  fixed. 

The  air  necessary  for  oxidation  was  formerly  obtained  by  a  steam 
jet,  but  in  the  United  States  it  is  now  usually  furnished  by  some  form 
of  blower  (Root's,  Baker's  or  Sturtevant's),  which  delivers  its  air 
through  a  nozzle  3  inches  in  diameter.  Some  furnaces  possess  tuyeres 
whose  nozzles  are  4  inches  long  and  i  an  inch  wide.  The  pressure  of 
the  blast  varies  fix)m  0*47  to  0*51  inch  of  mercury. 

The  hearths  are  only  rarely  now  made  of  bone  ash,  but  of  a 
mixture  of  fire-clay  and  limestone,  3  parts  by  volume  of  the  latter  being 
used  to  2  or  3  of  the  former,  or  else  of  Portland  cement,  or  of  a  mix- 
ture of  2  parts  of  Portland  cement  and  1  part  of  crushed  firebrick. 
Hearths  of  magnesia  bricks  are  also  being  tried  experimentally.  The 
material  for  the  hearth  is  first  moistened,  as  in  the  German  process, 
and  then  rammed  into  the  test  fiinme,  in  many  works  the  hearths 
being  built  up  in  three  layers^  in  others  the  whole  amount  being 
rammed  at  once.  The  cavity  in  the  marl  hearths  is  cut  out  after  the 
hearth  has  been  rammed  into  position.  The  hearth  border  is  3  to  4 
inches  deep  at  the  back  and  the  two  longer  sides,  and  from  6  to  10 
inches  at  the  front,  the  thickness  of  the  hearth  being  not  less  than  4 
inches  at  the  deepest  point.  This  deepest  point  is  placed  near  to  the 
front  of  the  hearth  in  order  to  render  the  tapping  easier.  The 
hollow  in  the  hearth  is  about  5  inches  deep.  A  hearth  4  feet  4 
inches  long,  2  feet  1  inch  broad,  and  5  inches  deep  holds  2  J  tons  of 
work-lead,  but  recently  hearths  holding  5  tons  (Omaha)  and  6  tons 
(Balbach  works  near  Newark)  have  been  constructed. 

If  the  hearth  is  composed  of  cement  or  of  a  mixture  of  cement  and 
fireclay,  the  hollow  must  be  constructed  at  the  time  of  ramming  the 
hearth. 

In  the  case  of  tests  having  a  continuous  iron  plate  for  the  bottom, 
a  layer  of  firebrick  is  usually  put  on  the  bottom,  dried  and  then 
washed  over  with  fireclay.  The  sides  are  built  up  (Figs.  506  and 
507)  from  the  hearth  material  by  ramming  it  between  an  iron  mould 
and  the  side  of  the  test  frame. 

After  the  hearth  has  been  rammed  into  shape,  it  is  dried  for  a 
fortnight  in  a  warm  place,  usually  adjoining  the  cupellation  furnace. 
If  it  is  put  into  the  furnace  when  the  latter  is  cold,  it  must  be  heated 
by  a  small  charcoal  fire,  and  if  it  is  necessary  to  change  the  hearth 
whilst  the  furnace  is  at  work,  the  new  one  must  be  very  gently  fired 
at  first. 

The  operation  is  distinguished  from  that  conducted  in  the  German 
VOL.  I  3  a 
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furnace  in  that  the  Abzug,  Ahstrieh  and  litharge  are  not  collected 
separately,  and  that  the  cupellation  to  fine  silver  is  preceded  by  a 
cupellation  which  enriches  the  lead  up  to  a  certain  point.     In  all 
furnaces  except  the  Steitz  water-jacketed  one,  the  litharge  flows  out 
through  channels  cut  in  the  substance  of  the  hearth,  which  gutters  can 
be  deepened  as  the  operation  proceeds.  In  order  to  avoid  as  &r  as  pos- 
sible the  eflFects  of  the  corrosion  of  the  hearth  by  the  litharge,  several 
litharge  outlets,  usually  three  or  four,  are  made,  and  used  one  after 
the  other.     If  a  movable  hearth  be  used,  then  the  flow  of  the  litharge 
can  be  readily  regulated  by  raising  or  lowering  the  front  of  the  test, 
and  usually  the  rate  of  flow  is  so  adjusted  that  about  half  of  the 
surface  of  the  molten  metal  is  kept  covered  with  litharge,  the  object 
being  to  avoid  as  far  as  possible  excessive  volatilisation  of  the  lead. 

In  the  Steitz  furnace  the  flow  of  litharge  is  regulated  only  by  the 
quantities  of  lead  charged  in ;  the  litharge  can  be  drawn  off  at 
intervals  through  the  channel  in  the  cast-iron  jacket,  the  channel 
being  closed  by  a  clay  plug  when  not  in  use. 

The  outflowing  litharge  is  received  in  movable  cast-iron  pots 
placed  below  the  litharge  outlet,  and,  as  it  flows  out,  rich  lead  is  added 
to  the  bath  in  order  to  maintain  it  at  the  same  level.  The  additions 
of  lead  are  made  by  placing  a  pig  or  two  of  lead  in  the  opening  at 
the  far  side  of  the  furnace,  and  pushing  them  further  into  the  fiimace 
as  they  melt  away. 

The  first  cupellation  is  usually  so  conducted  that  the  work-lead  is 
enriched  up  to  60  or  70  per  cent,  of  silver,  the  enriched  silver-lead 
being  ladled  out  of  the  furnace,  and  the  hearth  immediately  receiving 
a  fresh  charge.  After  a  time  the  hearth  bottom  gets  so  thin  that  it 
must  be  replaced  by  a  fi^sh  one ;  the  old  one  being  drawn  out,  a 
new  one  is  put  in,  and  the  working  goes  on  with  little  interruption. 
Steitz's  form  of  frimace  is  best  suited  for  the  concentration,  because, 
with  its  fixed  litharge  outlet,  it  needs  only  unskilled  labour  to  attend 
to  it. 

The  duration  of  the  hearth  lining  depends  upon  the  material  of 
which  it  is  composed,  upon  the  construction  of  the  furnace,  and  the 
method  of  working.  Thus,  hearths  of  artificial  marl  used  for  con- 
centration in  a  water-jacketed  furnace  last  60  days.  At  Port  Pirie  a 
furnace  not  water-jacketed,  provided  with  a  cement  hearth  holding 
three-quarters  of  a  ton  of  work-lead,  concentrates  30  to  50  tons  of  work- 
lead  from  15  per  cent,  up  to  50  per  cent,  of  silver. 

The  cupellation  of  the  enriched  silver-lead,  in  order  to  obtain  fine 
silver,  is  usually  done  in  an  English  form  of  hearth  without  water- 
jacket.    The  operation  is  carried  on  in  the  same  manner  as  the 
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concentration  cupellation,  additions  of  work-lead  being  made  until  the 
hearth  is  neariy  full  of  BlicksUber,  the-  temperature  being  gradually 
increased  as  the  alloy  becomes  richer  in  silver.  The  Blicksilber  is 
freed  from  the  impurities  it  contains  by  the  oxidising  action  of  the 
blast,  the  oxidised  impurities  being  collected  by  scattering  a  little 
marl  or  bone  ash  over  the  molten  mass  and  then  raking  it  off.  Salt- 
petre is  sometimes  used  to  assist  in  the  oxidation,  and  in  the  United 
States  the  silver  obtained  is  at  least  997  fine,  its  purity  being 
ascertained  by  assay.  Of  the  tellurium  present  in  the  BlicksUber  of 
Pertusola,  61  per  cent,  is  slagged  off,  37*6  per  cent,  is  volatilised  or 
absorbed  by  the  hearth,  and  1*4  percent,  remains  with  the  fine  silver.^ 
XJlke  obtained  a  slag  from  the  refining  of  auriferous  silver,  which 
contained  20  per  cent,  of  tellurium  in  the  form  of  sodium  tellurite.^ 

The  fine  silver  is  ladled  out  of  the  furnace  into  warm  moulds,  or, 
where  the  Lynch  fiima^  is -used,  it  can  be  poured  directly  into  the 
moulds.  -The  cupellation  for  fine  silver  is  not  as  a  rule  carried  on 
continuously.  Artificial  marl  hearths  (clay  and  limestone),  which 
are  used  daily  for  4  or  5  hours,  last  about  30  days,  a  cement  hearth 
lasting  for  montha  If  the  cement  hearth  be  used  for  both  concen- 
trating and  refining,  it  only  lasts  7  days. 

The  bye-products  obtained  in  the  English  process  (scums,  litharge, 
hearth  and  flue  dust)  are  so  rich  in  silver  that,  they  are  smelted  either 
alone  or  with  other  argentiferous  materials  for  work-lead,  which  is 
either  cupelled  directly  or  first  enriched  by  the  zinc  process.  The 
litharge  contains  at  least  0*155  per  cent,  of  silver,  the  amount  easily 
reaching  0622  per  cent,  ivhen  it  is:at  all  mixed  with  the  scums  from 
the  work-lead.  The  loss  of  lead  in  the  English  furnace  amounts  to 
about  5  per  cent. 

In  the  United  States,'  in  a  hearth  of  the  form  previously  described, 
4  feet  6  inches  long,  and  3-  feet  6  inches  broad,  3*5  tons  of  rich  lead 
with  10  per  cent,  of  silver  are  enriched  up  to  70  per  cent,  of  silver  in 
24  hours,  1^  to  2  tons  of  coal  being  used  according  to  its  quality,  and 
one  mans  labour  required  in  each  shift.  In  a  hearth  7  feet  by  4  feet 
10  inches  and  4  inches  deep,  6  tons  are  cupelled  in  24  hours  with 
IJ  tons  of  coal.  By  using  petroleum  firing  6 J  tons  of  fine  silver 
are  worked  off  in  24  hours  in  a  hearth  7  feet  by  5  feet  4  inches, 
39  gallons  of  oil  being  consumed  for  every- 1,000  ounces  of  silver 
produced. 

The  cupellation  of  half  a  ton  of  this  concentrated  70  per  cent  alloy 

^  Heberlein,  Berg-  und  Huttenm,  Ztg.  1S95,  41. 

'  Engineering  and  Mining  JoumcU,  1S96,  November  28. 

>  Eofman,  The  MetaUurgy  of  Lead, 
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up  to  fine  silver,  in  a  beartb  2  feet  9  inches  long,  2  feet  4  inches  broad, 
and  5  inches  deep,  requires  6  hours,  1 J  tons  of  coal  being  bnmt  aud 
the  services  of  one  attendant  required. 

At  Port  Pine,  South  Australia,  a  cupellation  furnace  with  water- 
cooled  cement  hearth,  elliptical  in  sbape,  is  used,  its  construction  being 
shown  in  Figs.  516  to  520. 

The  charge  for  this  furnace  is  12cwta,andin8hour8l  ton  of  work- 
lead  can  be  enriched  from  15  ap  to  50  per  cent,  of  silver.  The  fiiel 
consumed  is  37  per  cent,  of  the  weight  of  lead,  and  the  furnace  is 
worked  by  one  man.  The  litharge  is  treated  for  work-lead,  which  is 
then  desilverised  by  zinc.  This  enriched  alloy  is  afterwards  submitted 
to  fine  cupellation  in  a  similar  furnace  in  charges  of  12  cwts.,  which 
require  8  hours  to  work  off.     The  coal  consumption  amounts  to  65 
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per  cent,  of  the  weight  of  the  charge,  and  one  man's  labour  is 
required.  Each  hearth  can  produce  5  to  6  tons  of  fine  silver  before  it 
is  necessary  to  renew  it. 

At  Omaha  (Nebraska)  the  artificial  marl  hearth  holds  5  tons  of 
lead,  and  the  blast  is  produced  by  means  of  a  steam  jet  Three  tons  of 
coal  are  required  for  the  cupellationof  5  tons  of  work-lead  to  S/icitn^ifr, 
and  the  marl  hearth  will  work  off  50  such  charges. 

The  advantages  possessed  by  the  English  form  of  furnace  over  the 
German  one  are — continuous  working,  and,  as  a  result  of  this,  a  mnch 
greater  output  from  the  furnace  in  proportion  to  its  size ;  a  mnsller 
consumption  of  hearth  material  owing  to  the  greater  durability  of  the 
hearths,  and  consequently  a  smaller  cost  for  laboiu*  connected  with  tiie 
hearth,  and  the  production  of  less  litbarge-soaked  and  argentiferous 
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hearth  material.  The  indirect  loss  in  the  reduction  of  this  hearth 
material  is  consequently  smaller  on  account  of  its  smaller  quantity. 

As  regards  fuel,  the  English  furnace  requires  more  than  the  large 
German  Aimace,  but  the  cost  for  labour  with  the  latter  is  greater,  if 
the  work  connected  with  the  hearth,  mixing  the  materials,  ramming 
them,  breaking  up  the  old  hearth  and  smelting  it,  be  taken  into 
account.  The  German  furnace  also  requires  the  labour  of  two 
workmen,  the  English  furnace  of  only  one. 

The  disadvantages  of  the  Elnglish  furnace  are  that  litharge  poor  in 
silver  or  market  litharge  is  not  produced,  and  that  there  is  a  greater 
consumption  of  fuel.  The  English  furnace  is  chiefly  employed  when 
the  lead  to  be  cupelled  is  so  rich  in  silver  that  litharge  poor  in  silver 
cannot  be  produced  from  it,  this  being  usually  the  case  where  the  zinc 
desilverising  process  is  in  use.  The  German  form  of  furnace  is  chiefly 
used  when  the  object  is  to  obtain  marketable  litharge,  which  can  only 
be  done  when  the  lead  is  poor  in  silver,  or  else  when  considerable 
amounts  of  silver  ores  or  bye-products  are  to  be  added  to  the  bath  of 
metal  on  the  hearth. 


The  REFiNiNa  of  BlicksUber 

The  BlicksUber  obtained  in  the  cupellation  process  still  contains 
various  impurities,  such  as  copper,  lead,  bismuth,  and  more  rarely 
nickel,  antimony,  and  arsenic  These  can  be  almost  entirely  removed 
by  melting  and  oxidising  the  mcdten  metal  with  air,  saltpetre,  or  silver 
sulphate.  Copper  is  the  most  difficult  metal  to  remove,  and  where 
large  quantities  are  present  it  is  advisable  to  melt  the  metal  with  more 
lead  and  recupel  it  before  refining.  Bismuth  is  best  got  rid  of  by 
treatment  with  silver  sulphate. 

This  purification  of  the  BlickmJber  is  known  as  refining  or  ''  fine- 
burning  "  {Feinb7'ennen),  and  is  either  carried  out  on  the  ordinary 
cupellation  hearth^  or  on  a  special  refining  hearth,  in  muffles,  or  in 
crucibles,  the  latter  method  being  used  when  the  silver  sulphate 
treatment  is  employed. 

When  the  English  form  of  hearth  is  in  use,  the  refining  of  the 
BlicksUber  is  carried  on  in  the  same  furnace  as  the  cupellation  for 
BlicksUber,  the  method  of  working  this  furnace  having  been  previously 
described.  In  many  works  a  similar  method  is  employed  with  the 
German  hearth ;  that  is,  the  Blicksilber  is  prpduced  and  refined  on 
the  same  hearth,  the  blast  being  either  cut  off  after  the  brightening 
of  the  silver  or  else  very  much  reduced  in  quantity.  The  oxida- 
tion is  then  continued  until  the  m^tal  exhibits  all  the  properties 
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of  fine  silver,  viz.,  a  clean  mirror-like  surface,  entire  freedom  from 
spots  on  samples  withdrawn  from  the  bath,  and  a  satin-like  and 
uniform  fracture,  samples  being  also  assayed  in  order  to  check  its 
purity.  The  oxides  which  form  on  the  surface  of  the  bath  are 
absorbed  by  a  little  iniaj:!  strewn  on  it  and  then  raked  off. 

According  to  Ohl,^  the  loss  of  silver  does  not  amount  to  more 
than  0018  per  cent,  and  according  to  Fohr,^  the  silver  obtained  at  the 
Victor-Friedrichshutte,  near  Alexisbad,  is  998  fine  (99*8  per  cent). 
At  these  works  the  method  of  muffle  refining  formerly  in  use  has 
been  replaced  by  the  refining  on  the  German  hearth,  which  has 
done  away  with  the  cost  of  melting  the  silver  and  of  preparing  the 
hearth. 

Refining  in  a  special  reverberatory  furnace  is  the  most  general 
method  of  conducting  the  process,  the  English  cupellation  hearth 
coming  under  this  head.  This  method  gives  the  greatest  yield  for 
the  smallest  expenditure  of  fiiel,  but  is  attended  with  a  certain  amount 
of  loss  of  silver  by  volatilisation.  The  removal  of  bismuth  is  not 
so  complete  as  in  Rossler's  method  of  using  silver  sulphate.  The 
furnace  hearth  is  either  fixed  or  movable,  the  furnace  in  the  latter 
case  being  practically  the  same  as  the  ordinary  English  hearth. 
Where  the  hearth  is  fixed,  the  roof  is  usually  a  movable  one,  being 
either  an  iron  hood  with  a  lining  of  fireclay,  or  else  composed  of 
firebrick  blocks  boimd  round  with  iron  hoops. 

The  hearth  is  made  of  bone  ash,  marl,  ashes,  fireclay,  or  cement ; 
coal  or  wood  is  used  as  fiiel,  rarely  gas;  air  for  oxidation  either 
simply  enters  through  the  working  opening  or  else  a  tuyere  is  used. 

Figs.  521  and  522  show  a  form  of  refining  furnace  with  fixed 
hearth  and  movable  cover;  r  is  the  grate,  h  the  heating  space, 
with  cover  c  and  hearth  v  of  marl.  The  hearth  rests  on  a  lower  layer 
of  marl  supported  by  the  brickwork  of  the  fiimace ;  d  is  the  flue,  A 
the  working  opening,  and  "k  the  stokehole. 

Furnaces  with  fixed  hearths  are  first  slowly  heated  for  8  to  12 
hours,  and  then  the  charge  is  put  in.  This  is  melted  down  quickly, 
the  door  being  closed,  and  a  layer  of  charcoal  usually  put  on  top  of  the 
silver  in  order  to  diminish  the  loss  by  volatilisation.  The  molten 
metal  is  then  stirred, and  any  scum  on  the  surface,  is  raked  off,  after 
which  air  is  led  over  its  surface  either  through  the  open  door  or  else 
it  is  forced  in  through  a  tuyere  at  the  fire  bridge  end 

The  oxide  formed  is  absorbed  by  a  little  m€u:l  strewn  on  the 
surface,  and  when  the  silver  is  fine  the  blast  is  stopped,  the  fire  uiged, 
and  the  molten  metal  covered  with  a  layer  t)f  charcoal  in  order  to 

1  B&r^'  undHiiUenm.  Ztg.  1879,  p.  274.  «  Ibid.  1886,  fn  382. 


SILVER 


727 


prevent  "  spitting."  The  metal  is  then  ladled  out  into  moulds 
coated  with  a  lime  or  clay  wash,  or,  if  it  is  to  be  granulated,  run  out 
into  vessels  filled  with  water. 

Fixed  hearth  furnaces  are  in  use  at  Przibram,  Freiberg,  and 
Lautenthal.  At  Przibram  (Bohemia)  17  to  18  cwts.  ot  BlicksiJber  are 
put  into  the  hearth,  which  is  of  marl,  and  in  10  hours  cupelled  up  to 
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996  to  997  fine,  13  cwts.  of  coal  being  used.  The  pure  silver 
(Feinsilber  or  BrandsUber)  is  cast  into  22-lb.  bars. 

The  Freiberg  furnace  is  of  similar  construction  to  the  Przibram 
one,  the  charge  consisting  of  20  to  24  cwts.  of  Blicksilber,  the  operation 
lasting  10  to  12  hours,  and  the  coal  consumption  being  60  per  cent, 
of  the  weight  of  the  charge.  The  silver  obtained  is  fix)m  996  to  998 
fine,  and,  as  it  is  auriferous,  it  is  granulated  to  obtain  it  in  a  form 
convenient  for  the  separation  of  the  gold. 

The  Lautenthal  furnace  has  a  movable  cover  to  the  hearth  made 
of  firebrick,  held  together  by  iron  hoops.  The  marl  hearth  rests 
on  a  layer  of  firebrick,  resting  in  turn  on  a  slag  layer,  5  J  inches  deep, 
carried  by  an  iron  plate.     The  fire  is  of  coal  and  faggots,  with  closed 
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ashpit  and  blast.  There  ai-e  two  tuyeres  one  inch  id  diameter  behind 
the  firebridge,  so  placed  that  their  axes  meet  23J  inches  from  the 
latter,  and  delivering  air  at- a  pressure  of  about  a  third  of  an  inch 
of  mercury.  If  the  silver  contains  copper,  some  lead  is  added,  which 
lengthens  the  time  of  the  operation.  The  charge  consists  of  from  10 
to  14  cwts.  of  Blicksilber,  75  to  88  lbs.  of  coal  and  10  faggots  being 
required  for  every  2  cvts.  o{  Blicksilber.  When  the  charge  is  12  cwts. 
the  times  taken  for  the  various  operations  are — preparation  of 
hearth  1  i  hours,  charging  15  minutes,  melting  down  2  hours,  oxidation 
and  skimming  2^  hours,  ladling-out  IJ  h^urs.  One  hundred  parts  of 
charge  require  169  parts  of  m&rl,  and  yield  96  parts  of  fine  silver 
and  84  parts  of  silver-bearing  hearth  and  slags  (average  for  1898-9). 
Refining  under  a  muffle  is  rarely  carried  out,  as  the  fuel  con- 
sumption is  higli  and  the  silver  loss  considerable,  whilst  only  small 
charges  can  be  worked.  The  muffle  is  either  a  movable  one,  and  in 
that  case  the  hearth  is  made  of  bone  ash,  marl,  or  lixiviated  wood 
ashes  rammed  into  an  iron  dish  set  under  a  fireclay  hood,  or  else  it 
is  fixed,  the  test  being  built 
■^^^^  round     with    bricks    under 

'~  the  furnace  roof,  and  covered 

with  a  perforated  iron  plate 
coated  with  clay. 

The  construction  of  the 
muffle  furnace  with  movable 
test,  used  in  the  Lower 
Harz,  is  shown  in  Figa  523 
to  525.  Tlie  muffle  consists 
of  the  test  pan  t  and  the 
cover  D,  which  can  be 
Pios.  ii»-b2i.  lifted  off  from  the  pan.   The 

test  pan  ie  made  of  iron  with 
a  lining  of  marl  or  lixiviated  wood  ashes,  and  the  cover  of  fireclay. 
The  front  of  the  heating  chamber  (E)  is  made  up  with  firebricks 
after  placing  the  muffle  in  position,  leaving  only  the  working  open- 
ing V.  The  silver  to  be  refined  is  put  in  through  the  opening  m, 
through  which,  also,  the  air  necessaTy  for  oxidation  enters,  leaving  it 
through  the  slits  ai  o.  The  muffle  is  heated  with  carbonised  fuel, 
the  necessary  air  entering  partly  through  the  working  door  and 
partly  through  channels,  2,  in  the  brickwork  of  the  furnace. 

At  Okcr  the  charge  for  such  a  furnace  is  from  50  to  55  lbs.  of 
BlicksUbcr,  and  after  this  has  been  put  in,  the  muffle  is  surrounded 
with  charcoal  and  the  silver  melted.     The  refining  lasts  3  hours,  the 
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molten  mass  being  stirred  from  time  to  time  and  the  scum  removed, 
the  temperature  being  raised  for  the  last  half  hour. 
About  8  cubic  feet  of  charcoal  are  used  for  refining. 

BKFiKiNa  IN  Crucibles 

This  method  of  refining  is  chiefly  used  for  silver  obtained  by  wet 
methods  and  by  amalgamation,  but  recently  Stickeilber  has  also  been 
refined  by  Rossler's  process. 

The  crucibles  used  are  made  of  iron  (preferably  wrought  iron)  or 
else  of  plumbago,  the  latter  being  the  best. 

Iron  crucibles  are  heated  in  a  reverberatory  iiimace,  plumbago 
ones  in  a  wind  furnace  with  coke  or 
charcoal.  Such  a  furnace  is  sho^^l  in 
section  in  Fig.  526,  the  crucible  being 
placed  on  a  fireclay  stand  resting  on 
the  grate  bars,  and  packed  round  with 
charcoal  or  coke;  the  crucible  is  in- 
serted and  withdrawn  through  the 
opening  x  covered  with  a  hinged  lid. 
The  air  for  combustion  is  either  drawn 
or  forced  in  below  the  grate,  the  waste 
gases  passing  along  w  to  the  chimney 
{v).  As  the  surface  exposed  to  the 
air  by  the  molten  silver  is  only  small, 
oxidation  is  assisted  by  the  addition  Pio.  asa. 

of  saltpetre,  or,  as  in  Rossler's  process. 
-  of  silver  sulphate,  or,  in  case  silver  chloride  is  present  as  in  cement 
silver,  potash  may  be  added. 

At  Schmollnitz,  for  instance,  246  lbs.  of  cement  silver  are  melted 
in  a  plumbago  crucible,  with  the  addition  of  1  to  5^  lbs.  of  potash 
in  order  to  decompose  any  silver  chloride,  and  5  to  20  ozs.  of  saltpetre 
for  the  oxidation  of  the  copper  and  antimony.  The  process  lasts 
about  6  hours  and  after  the  lapse  of  this  time  the  slag  is  taken  off 
and  the  silver  ladled  out. 

Bossier's  process  is  based  upon  the  fact  that  lead  and  bismuth 
in  silver  may  be  oxidised  by  acting  on  the  molten  alloy  with 
silver  sulphate,  the  latter  being  decomposed  at  a  red  heat  into 
silver,  sulphur  dioxide,  and  oxygen,  which  latter  element  acts 
upon  the  impurities  mentioned.  Copper  is  not  acted  on.  The 
silver  to  be  purified  is  melted  in  plumbago  crucibles  and  then 
covered    with    a    layer    of   sand ;    dried    silver    sulphate    is    now 
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added  and  stirred  in  with  an  iron  rod.  Part  of  the  silver  of 
the  sulphate  goes  into  the  slag ;  lead  is  first  oxidised  and  then 
the  bismuth,  so  that  it  is  possible  to  obtain  the  latter  metal  in  only 
a  portion  of  the  slag  which  can  be  worked  up  by  itself  for  bismuth. 

At  Frankfurt-on-the-Maine,  and  Hoboken  near  Antwerp,  the 
silver  is  melted  in  plumbago  crucibles  in  narrow  cylindrical  wind 
furnaces,  having  only  a  small  space  between  the  crucible  and  the 
furnace  walls  for  the  coke  used  as  fuel.  Blast  is  introduced  by  means 
of  two  openings  in  the  lower  part  of  the  furnace.  The  charge  at 
Lautenthal,  where  the  process  was  in  use  for  some  time,  consisted  of 
about  7  cwts.  of  silver  950  to  980  fine.  Instead  of  sand  a  ring  of 
wrought  iron  was  laid  on  the  molten  silver  to  prevent  the  spirting 
of  the  silver  sulphate  and  the  corrosion  of  the  crucibles.  Through 
the  middle  of  this  ring  the  silver  sulphate  was  introduced  in  pieces 
the  size  of  a  hen's  egg,  and  after  the  boiling  had  ceased,  the  bath 
was  stirred  with  an  iron  rod.  The  silver  sulphate  decomposed  in  20 
minutes  or  half  an  hour,  and  then  the  slag,  stiffened  by  an  addition 
of  quartz  sand,  was  taken  out  of  the  crucible,  a  second  portion  of 
silver  sulphate  was  then  added  and  the  process  repeated,  and  then 
a  third,  or  in  the  case  of  very  impure  silver,  a  fourth  lot  was  added, 
the  total  amount  of  silver  sulphate  used  being  fi:'om  one  and  a  half 
times  to  twice  the  weight  of  the  impurities. 

The  slag  produced  had,  according  to  Hampe,  this  composition ; — 

Silica 40-7     Silver  oxide  205  (  =  1-88  per  cent  Ag) 

Phosphorus  pentoxide.     064  Copper    .     .  0*45 
Sulphuric  anhydride   .     06I  Antimony    .  0*02 

Sulphur 015  Lime  .     .     .  1*73 

Ferrous  oxide     .     .     .  13*47  Magnesia     .  025 

Alumina 0*43  Potash  (KgO)  0*64 

Bismuth  oxide  (Bifi^),     601  Soda  (Na^O)  0*26 
Lead  monoxide  .     .     .33*5 

The  coke  used  amounted  to  30  to  35  per  cent,  of  the  weight  of 
the  Blicksilber,  This  crucible  process  has  the  advantage  of  occasion- 
ing only  a  slight  loss  of  silver  and  of  collecting  the  bismuth  in  a 
proportionately  small  amount  of  the  slag. 

The  products  obtained  in  refining  silver  are  fine  silver,  test  ashes 
and  scums.  The  fine  silver  stilt  contains  one  or  two  parts  per 
thousand  of  impurity  consisting  of  copper,  gold,  platinum,  palladium, 
bismuth,  arsenic,  lead  and  antimony. 

The  spitting  of  silver  is  prevented  by  the  presence  of  small 
amounts  of  lead  and  copper,  but  not  by  similar  amounts  of  gold. 


SILVER  731 

As  considerable  mechanical  loss  may  occur  as  the  result  of  the 
spitting,  it  is  sought  to  prevent  it  by  making  openings  into  the 
surface  of  the  solidifying  silver  with  an  iron  tool,  by  covering  the 
surface  with  powdered  charcoal,  or  by  melting  the  silver  under  a 
layer  of  common  salt  or  potassium  carbonate.  Silver  also  appears 
to  spit  in  consequence  of  the  absorption  of  sulphur  dioxide,  the 
metal  obtained  in  the  precipitation  of  the  sulphate  by  metallic  iron 
exhibiting  this  property,  though  in  this  case  it  can  be  prevented  by 
an  addition  of  saltpetre  after  the  silver  is  melted. 

The  test  ash  is  the  hearth  material  mixed  with  grains  of  silver 
and  metallic  oxides.  The  grains  of  silver  are  extracted  from  it  and 
the  residue  smelted  for  work-lead.  The  extrEiction  of  the  silver  is 
carried  out  at  Lautenthal  after  first  grinding  in  a  ball  mill.  The 
scums  are  used  for  the  preparation  of  bismuth  if  they  are  rich  in  that 
metal,  otherwise  they  are  smelted  for  work-lead,  or,  if  rich  in  silver, 
added  to  the  lead  bath  in  the  cupellation  hearth ;  occasionally  they 
are  treated  in  the  wet  way.  At  Lautenthal  they  are  groimd  in  a 
ball  mill,  the  silver  grains  added  to  refinery  charges,  and  the 
remainder  added  to  a  charge  during  cupellation. 

IL  The  Extraction  of  Silver  by  a  Combination  op  Dry  and 

Wet  Processes 

1.  By  Conversion  of  the  Silver  into  a  Silver-Lead  Alloy 

Several  ores  and  smelting  products  in  which  the  silver  has  to  be 
converted  in  a  silver-lead  alloy  are  treated  in  the  wet  way  before 
leading  them  in  order  to  separate  some  particular  constituents 
from  the  silver,  the  silver  remaining  whilst  the  other  bodies  go  into 
solution.  On  the  other  hand,  silver  obtained  by  precipitation  or 
electrolysis  is  often  leaded  in  order  to  obtain  it  as  a  lead-silver  alloy 
and  to  free  it  from  other  bodies. 

In  both  cases  the  operation  of  leading  is  carried  out  in  the 
manner  previously  described,  either  by  smelting  the  impure  silver 
or  the  argentiferous  bodies  with  additions  of  materials  rich  in  lead, 
or  else  by  adding  the  substance  to  a  red  hot  bath  of  molten  lead. 

A  Processes  in  which  the  Silver  is  not  Dissolved 

The  processes  in  which  the  argentiferous  material  is  treated  in 
the  wet  way  in  order  to  separate  some-  constituent  before  the  leading 
operation,  the  silver  remaining  undissolved,  are  as  follows : — 

1.  Roasting  argentiferous  lead  ores  containing  blende  in  order  to 
convert  the  zinc  into  neutral  siilphate,  extracting  this  with  water 
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and  smelting  the  residue  in  blast  furnaces  for  work-lead.  This 
process  is  in  use  at  the  Sophienhiitte  at  Langelsheim,  and  at  the 
Juliushlitte  at  Goslar,  and  has  already  been  described  in  the  section 
on  lead. 

2.  Dissolving  out  iron  sulphide  from  argentiferous  and  auriferous 
mattes  by  means  of  sulphuric  acid,  and  smelting  the  residue  with 
materials  rich  in  lead  for  work-lead  and  matte.  This  process  is  in 
use  at  Zalathna  in  Transylvania,  and  has  already  been  dealt  with. 

3.  Treatment  of  a  mixture  of  zinc  and  lead  oxides  and  argenti- 
ferous lead,  such  as  is  obtained  in  the  zinc  process^  or  bj  the 
decomposition  of  rich  scum  by  means  of  steam,  with  ammonium 
carbonate  or  sulphuric  acid  in  order  to  dissolve  out  the  zinc  oxide, 
the  argentiferous  residue  being  then  added  to  a  bath  of  lead  in  the 
cupellation  hearth.  This  process  is  in  use  at  Lautenthal,  and  has 
already  been  described  under  desilvensation  by  zinc. 

4.  The  Hunt-Douglas  process,  in  which  the  copper  is  dissolved  out 
of  roasted  argentiferous  matte  as  copper  chloride,  and  the  residual 
matte  then  smelted  for  work-lead  This  process,  used  at  the  works 
at  Kansas  City,  has  already  been  described  under  wet  methods  for 
the  extraction  of  copper. 

5.  The  solution  of  the  copper  C(»itained  in  argentiferous  copper 
and  in  dead-roasted  argentiferous  copper  mattes  by  means  of  sul- 
phuric acid,  copper  sulphate  being  produced  and  the  argentiferous 
residue  leaded. 

The  dissolving  of  copper  out  of  argentiferous  refined  black  copper 
is  the  process  used  at  Altenau  and  Oker  in  the  Harz ;  at  Freiberg 
and  Argentine,  Kansas,  dead-roasted  copper  matte  is  extracted  in  the 
same  way.  Both  processes,  which  will  now  be  described  in  detail, 
are  known  as  "  sulphuric  acid  extraction  **  (S^wefelsdurelaugtrei). 
In  each,  a  previous  separation  of  iron  is  necessary,  as  otherwise  the 
copper  sulphate  produced  would  be  contaminated  with  ferrous 
sulphate  and  would  be  unsaleable.  In  the  case  of  the  matte  this  is 
effected  by  repeatedly  roasting  and  smelting  it,  and  in  the  case  of  the 
black  copper  by  refining  the  same.  Hofman's  process,  which  is  in 
use  at  Argentine,  does  not  demand  previous  separation  ot  the  iron, 
since  the  copper  sulphate  undergoes  a  special  purification. 

The  Extraction  of  Silver  from  Argentiferous  Black  C!opper 

BY  MEANS  OF  SULPHURIC  AciD 

In  this  process  the  black  copper  is  first  refined  in  order  to  get  rid 
of  iron,  cobalt  and  nickel,  it  is  then  granulated  and  treated  with 


SILVER  733 

dilute  sulphuric  acid  in  the  presence  of  air,  the  copper  going  into 
solution,  and  the  silver  remaining  in  the  residue  which  is  smelted  in 
blast  furnaces  with  materials  rich  in  lead. 

The  refining  ("  VerhlcLsen  ")  is  conducted  in  reverberatory  furnaces 
having  hearths  of  brasque.  At  Altenau  the  hearth  is  composed  of 
1  part  of  charcoal  with  2  parts  of  ground  slate,  a  little  marl  being 
added ;  at  Oker  of  3  parts  of  brasque  with  1  part  of  marl.  The 
methods  used  and  the  chemical  changes  occurring  are  the  same  as  in 
the  ordinary  refining  process  (see  Copper).  The  brasque  hearths 
only  outlast  three  to  four  charges,  the  first  being  one  of  3  tons,  and 
the  fourth  of  2  tons.  At  Altenau  the  first  charge  takes  from  18  to 
20  hours,  the  following  charges  from  12  to  15  hours.  At  Oker  the 
entire  process  lasts  50  hours. 

The  products  are  tough-pitch  copper,  which  is  granulated  direct, 
and  refinery  slag.  At  Altenau  the  first  slags  are  nickeliferous  and 
are  sold  to  the  nickel  works,  and  the  slag  obtained  afterwards  is 
smelted  up  with  galena  for  work-lead  and  copper  matte.  At  Oker 
the  refinery  slag  is  smelted  together  with  copper  ores. 

By  this  refining,  nickel,  cobalt,  zinc,  and  especially  iron,  are 
removed,  so  that  on  subsequent  solution  in  sulphuric  acid,  the  copper 
sulphate  is  obtained  almost  pure  and  in  particular  free  from  ferrous 
sulphate. 

The  solution  of  the  copper  contained  in  the  refined  metal  depends 
upon  the  power  of  dilute  sulphuric  acid  to  slowly  dissolve  copper  if 
air  be  present.  In  the  absence  of  air  the  dilute  acid  does  not  act 
upon  copper,  though  hot  strong  sulphuric  acid  dissolves  copper  with 
evolution  of  sulphur  dioxide.  No  sulphur  dioxide  is  evolved  when 
the  dilute  acid  is  used,  the  reaction,  according  to  Rammelsberg, 
being  represented  as  follows  :— 

Cu  4-  HjjSO^ + O  =  CuSO^  4-  Hp. 

The  correct  explanation  may  be  that  copper  sulphate  in  acid 
solutions  takes  up  copper  forming  cuprous  sulphate,  which  latter  is 
oxidised  by  air  in  presence  of  acid  to  cupric  sulphate,  the  copper 
sulphate  really  acting  as  an  oxygen  carrier.  The  reaction  is  hastened 
by  warming. 

Of  the  various  foreign  bodies  present  in  the  copper,  zinc,  iron 
cobalt  and  nickel  are  diraolved  by  sulphuric  acid,  and  lead  is  con- 
verted into  lead  sulphate,  which  being  insoluble  in  dilute  acid, 
remains  behind  in  the  residue.  Antimony,  tin  and  bismuth  are 
converted  into  basic  salts,  and  remain  principally  in  the  residue. 
Araenic  partly  goes  into   solution   as   arsenious   acid,  and   partly 
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remains  behind  as  insoluble  arseniates.  Antimoniates  iand  arseniates 
are  decomposed  by  warm  sulphuric  acid,  forming  antimonic  and 
arsenic  acidd. 

In  the  residue  lead  sulphate,  arsenic  and  antimonic  acids,  lead 
arseniate,  basic  antimony,  tin  and  bismuth  salts,  and  copper  sulphide 
will  therefore  be  present  in  addition  to  gold,  silver,  and  undissolved 
copper,  whilst  the  solution  may  contain  sulphates  of  copper,  iron, 
zinc,  nickel  and  cobalt,  as  well  as  arsenic  and  antimonic  acids  in 
small  amounts. 

The  solution  of  the  copper  is  effected  in  leaden  towers  or  in 
wooden  vats  lined  with  lead,  the  granulated  copper  being  placed  in 
layers  on  a  false  bottom,  and  dilute  sulphuric  acid  or  acid  mother 
liquors  allowed  to  flow  over  it  either  continuously  or  at  intervals. 
The  solvent  liquid  is  warmed  either  in  separate  vessels  by  occasional] j 
passing  steam  in,  or  else'steam  is  continually  passed  into  the  lead 
towers  in  which  solution  is  taking  place.  Continuously  working 
apparatus  is  used  at  the  German  gold-  and  silver-parting  works  at 
Frankfurt-on-the-Maine.  The  necessary  air  enters  at  the  bottom  of 
the  solution  vessel  and  finds  an  exit  at  the  top. 

At  Altenau  and  Oker,  wooden  vats  lined  with  quarter-inch  sheet 
lead  are  employed.  They  are  5  feet  4  inches  high,  35  inches  in  diameter 
at  the  top,  and  28  J  inches  below.  Two  boards  are  laid  at  the  bottom 
of  the  vat  and  on  these  a  layer  of  large  pieces'  of  copper  is  placed,  or 
at  Oker  copper  rods  are  used ;  above  either,  a  layer,  8  feet  high,  of 
granulated  copper  is  placed,  about  1  ton  in  weight.  Sometimes  the 
vats  are  fitted  with  false  bottoms  2  feet  high,  which  are  perforated 
with  holes  an  inch  in  diameter.  Upon  this  rests  3  to  4  cwts.  of  large 
pieces  of  copper  and  above  this  a  layer  3  feet  thick  of  granulated 
copper,  weighing  25  to  30  cwts.  The  exit  for  the  solution,  which 
serves  also  for  the  entrance  of  the  air,  is  1  foot  8  inches  long,  8  inches 
wide  and  8  inches  high.  Above  this  solution  vessel  .a  lead-lined 
wooden  vessel  is  placed  in  which  sulphuric  acid  of  50®  B.  is  diluted 
with  mother  liquors  (firom  the  crystallisation  of  the  crude  or  pure 
sulphate)  down  to  29°  of  30"  Beaumd  This  tank  is  14  feet  long,  4 
feet  9  inches  wide  and  4  feet  4  inches  deep.  This  liquid,  which 
forms  the  solvent,  is  heated  to  70°  C.  by  means  of  a  steam  coil  of 
lead  pipe,  and  then  is  distributed  hourly,  or  once  in  2  hours,  by 
means  of  a  syphon  with  a  rose  on  the  end,  over  the  granulated 
copper  in  the  vessel  below. 

The  arrangement  of  these  vessels  is  shown  in  Fig.  527,  where  P  L^ 
the  vessel  for  the  solvent  liquid  with  a  leaden  coil  for  the  steam  at 
the  bottom,  and  z  is  the  syphon  for  running  the  liquid  into  the  dis- 


solvlDg  vat.  At  the  bottom  of  the  latter  are  the  wooden  bearers  H, 
on  which  large  pieces  of  copper  are  placed  aa  a  foundatiOD  for  the 
granulations  with  which  the  remainder  of  the  vat  is  filled.  The  liquor 
flows  through  the  opening  t  at  the  bottom  of  the  vat. 

The  working  is  conducted  as  follows : — Solution  from  the  upper 
vat  is  allowed  to  flow  through  the  syphon  for  five  minutes  over  the 
granulated  copper.  The  granulations  become  wetted,  and,  UDder  the 
influence  of  the  acid  and  the  oxygen  of  the  air,  copper  sulphate  is 
fonned  and  silver  slime 
begins  to  separate.  After 
an  interval  x>i  from  one  to 
two  hours  a  fresh  lot  of 
solution  is  run  on,  wash- 
ing away  the  copper  sul- 
phate and  -the  silver 
slimes.  As  soon  as  clear 
liquid  begins  to  flow  out 
from  the  opening  below, 
it  is  a  sign  that  the  cop- 
per sulphate  and  silver 
slime  have  been  washed 
out,  and  the  flow  of  solu- 
tion is  stopped,  and  the 
action  of  the  still  ad- 
hering solution  and  the 
oxygen  of  the  air  is 
again  allowed  to  pro- 
ceed. The  washing  of 
the  granules  with  the 
solvent,     the     so-called 

spra3^ng    or    showering    o     i     a     a     *  «  t  ip         n  n 

("  Jiehrausm  "),  only  lasts  f,o.  t,ti. 

five  minutea     After  the 

mass  has  stood  for  another  half  or  three-quartere  of  an  hour  the 
spraying  operation  is  again  performed ;  as  fast  as  the  granulations 
are  dissolved,  they  are  replaced  by  fresh  ones. 

The  liquor  with  its  suspended  silver  slime  runs  into  a  long  trough 
having  a  reservoir  for  the  liquid  at  the  end.  In  this  trough,  owing 
to  the  cooling  and  partial  evaporation  of  the  liquid,  copper  sulphate, 
separates  in  crystals,  carrying  down  with  it  the  silver  slimes,  the 
mother-liquor  flowing  onwards  to  the  reservoir.  The  mother-liquor  is 
either  used  for  diluting  the  sulphuric  acid,  and  in  this  case  it  is 
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forced  up  by  injectors  to  the  vessel  lying  above  the  vats,  or  else  it  is 
used  for  dissolving  the  crude  sulphate,  in  which  case  it  flows  from  the 
reservoir  into  a  boiling-pan  placed  below  it.  At  Altenau,  eight 
solution  vats  deliver  their  liquor  into  a  lead-lined  trough  28  inches 
broad,  7  inches  deep,  and  360  feet  long ;  at  Oker,  six  vessels  deliver 
their  liquors  into  a  similar  spout  341-  inches  broad  and  about  345  feet 
long.  The  arrangement  of  the  plant  is  shown  in  Figs.  528  and  529. 
where  L  are  the  solution  vessels,  G  is  the  trough  through  which  the 
liquid  circulates  on  its  way  to  the  reservoir  S\  these  troughs  are 


placed  on  each  side  of  sloping  lead-covered  boards,  P,  as  shown  in 
the  section  in  Fig.  529. 

The  copper  sulphate  collecting  in  the  trou^s  and  containing  all 
the  silver  intermixed  with  it  is  removed  every  8  or  10  days  with 
copper  chisels  and  is  drawn  on  to  the  sloping  boards,  where  the  crystals 
drain  from  adhering  mother-liquor.  The  greater  part  of  the  silver  is 
found  in  the  ci^stals  in  the  first  portions  of  the  trough,  the  quantity 
diminishing  further  on.  At  the  end  of  the  trough  the  sulphate  is 
rich  in  gypsum,  as  well  as  lead  arseniatc  and  antimoniate. 

The  silver  slimes  are  separated  from  the  crystals  by  treating  the 
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crystals  with  hot  mother-liquors  iii  boiling  pans,  the  crystals  dissolv- 
ing in  the  liquor,  and  the  insoluble  slimes  remaining  behind.  The 
boiling  pans  are  of  f -inch  sheet  les^d,  supported  on  cast-iron  plates 
f -inch  thick,  underneath  which  run  flues.  The  pans  are  11  feet  6  inches 
long,  10  feet  6  inches  broad,  and  23  inches  deep ;  the  mother- liquors 
and  the  liquors  from  the  crystallisation  of  the  market  sulphate  are 
run  in,  and  then  if  necessary  diluted  with  water  down  to  20  or  22°  B. 
When  the  temperature  reaches  70*  C.  crude  sulphate  is  thrown  in 
until  the  density  reaches  28**  B.,  but  not  higher,  otherwise  the  crystals 
subsequently  obtained  would  be  small  and  inferior.  The  slimes  are 
then  allowed  to  settle,  the  addition  of  the  crude  sulphate  and  the 
mixing  of  the  same  taking  about  an  hour  and  the  settling  6  to  8 
hours.  Before  vsdthdrawing  the  liquor  from  the  pan  a  little  pulveru- 
lent copper  is  usually  added  to  precipitate  any  silver  that  might  be 
in  solution,  or  else  the  solution  is  made  to  flow  through  a  filter  of 
gi-anulated  copper  on  its  way  to  the  crystallising  vats.  The  clear  liquid 
is  drawn  off  into  these  vats  at  a  temperature  of  50  to  55**  C,  and  the 
copper  sulphate  allowed  to  crystallise  out.  At  Altenau,  the  liquor 
is  syphoned  out  from  the  boiling  pan,  whilst  the  slime  left  behind  is 
transferred  to  a  slime  box  and  there  washed,  the  liquors  being  again 
syphoned  off  after  the  slime  has  settled.  At  Oker,  liquid  and  slime 
flow  into  a  vessel,  which  communicates  with  the  bottom  of  the  boil- 
ing pan  and  has  two  openings  closed  by  wooden  plugs  situated  at 
different  heights.  The  clarified  liquors  are  run  off  through  the 
upper  opening,  and  the  silver  slime  through  the  one  at  the  bottom 
of  the  vessel.  The  slime  is  freed  from  liquor  by  filtration  in  a 
press. 

The  crystallising  vats,  of  which  there  are  12  to  each  evaporating 
pan,  are  lead-lined  wooden  vessels,  6  feet  3  inches  long,  10  feet  6  inches 
broad,  and  23  inches  deep,  each  vat  being  capable  of  holding  the 
contents  of  a  boiling  pan.  Lead  strips,  of  which  there  are  25  or  30, 
hang  in  the  vat,  and  on  these  the  crystals  grow.  The  operation  lasts 
from  8  to  12  days ;  the  crystals  are  then  taken  out,  washed  with  water 
to  free  them  from  mother-liquor,  and  dried  for  8  days  in  drjring-rooms 
kept  at  a  temperature  of  20°  to  25°  C. 

The  silver  slimes  in  the  dry  state  contain  from  2  to  15  per  cent, 
of  silver,  and  are  leaded  and  added  to  the  cupellation  charges,  at 
Altenau,  after  the  beginning  of  the  litharge  period.  In  all  14  cwts. 
of  slimes  are  added  in  7  lots  to  11  tons  of  lead. 

At  Oker  the  slimes  are  smelted  for  work-lead  containing  15  to 
2  per  cent,  of  silver,  which  is  then  cupelled.     They  are  mixed  for  this 
purpose  with  litharge  and  copper  matte  slags,  the    proportion  of 
VOL.  I  3  B 
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slimes  to  litharge  being  IS  to  3*5.  The  furnace  has  4  tuyeres, 
is  19  feet  8  inches  high,  3  feet  3  inches  diameter  at  the  tuyeres  and 
4  feet  at  the  throat,  and  is  worked  with  a  blast  pressure  of  0*12  to 
014  inch  of  mercury.  Work-lead,  copper  matte,  and  a  silver-bearing 
speiss  are  formed,  the  last  of  which  is  desilverised  by  smelting  with 
leady  additions  and  then  worked  for  copper. 

The  mother-liquors  obtained  in  the  process  can  be  used  again  for 
dissolving  the  granulated  copper  and  the  crude  sulphate,  provided 
that  the  copper  is  free  from  iron  and  nickel.  Otherwise  the  sul- 
phates of  these  metals  accumulate  in  the  mother-liquor,  which  must 
then  be  withdrawn  from  the  process. 

With  regard  to  the  yields  from  the  process,  at  Oker,  from  1  cwL 
of  granulated  copper,  418  lbs.  of  sulphate  are  obtained,  using  176  lbs. 
of  sulphuric  acid  of  60°  B.  The  capacity  of  the  plant,  consisting  of 
6  solution  vessels,  2  boiling  pans,  and  24  crystallising  vats,  amounts 
to  30  cwts.  of  copper  sulphate  in  24  hours. 

At  Altenau,  in  the  year  1887-88,  209*865  tons  of  granulated 
copper  and  488  tons  of  sulphuric  acid  of  50°  B.  were  used,  together 
with  763  tons  of  coal,  and  the  products  were  862  tons  of  copper 
sulphate  and  85*5  tons  of  silver  slimes.  The  855  tons  of  slimes 
were  smelted  with  189  tons  of  litharge,  19*05  of  copper  matt^, 
6*15  of  limestone,  4*9  oi  Ahzug,  3*5  tons  of  Oker  extraction  residues 
(from  the  chloridising  roasting  and  lixiviation  of  cupriferous 
burnt  pyrites),  and  150  tons  of  slags.  The  consumption  of  coke 
for  smelting  this  amount  was  29  tons,  and  7845  tons  of  work-lead 
and  28  tons  of  copper  matte  were  obtained. 

The  possibility  of  employing  this  method  of  extraction  depends 
upon  the  price  of  copper  sulphate.  If  this  is  high,  the  process  can 
be  profitably  worked,  and  may  then  pay  better  than  the  electrolytic 
separation. 

In  order  to  separate  the  silver  from  argentiferous  cement  copper, 
the  latter  is  roasted  in  a  muflfle  furnace  in  order  to  convert  the 
copper  into  oxide,  and  the  roasted  material  is  then  treated  with  dilute 
sulphuric  acid,  which  dissolves  the  oxide  and  leaves  behind  the  silver. 
This  process  is  employed,  for  instance,  at  Hemixem,  near  Antwerp, 
where  the  price  of  copper  sulphate  is  high. 


SILVER  739 


The  Extraction  of  Silver  from  Argentiferous  Copper 
Matte  by  means  of  Sulphuric  Acid 

(Freiberg  SulpMcric  Add  Extraction) 

In  this  process  the  argentiferous  copper  matte  is  concentrated  m 
order  to  get  rid  of  iron,  the  matte  being  then  roasted  sweet,  by  which 
means  the  copper  is  converted  into  oxide,  and  the  silver  into  metal ; 
the  copper  is  then  dissolved  out  by  means  of  dilute  sulphuric  acid, 
and  the  argentiferous  residue  is  smelted  with  lead  ores  or  similar 
materials  in  a  blast  furnace. 

This  process  is  in  use  at  Freiberg,  and  depends  upon  the  fact  that 
copper  oxide  is  easily  soluble  in  dilute  sulphuric  acid,  whilst  metallic 
silver  is  not  affected  by  it. 

The  concentrated  copper  matte  of  Freiberg  contains  69  to  74  per 
cent,  of  copper,  3  to  7  per  cent,  of  lead,  03  to  0*4  per  cent,  of  silver, 
2  per  cent,  of  iron,  3  per  cent,  of  cobalt  and  nickel,  05  to  1  per  cent,  of 
antimony  and  arsenic,  and  14  to  19  per  cent,  of  sulphur.  It  is  roasted 
sweet  in  a  long-bedded  calciner,  10  cwts.  of  matte  remaining  in  the 
furnace  for  16  hours.  The  mass  is  then  sieved,  and  any  imperfectly 
roasted  material  crushed  and  again  roasted.  The  roasted  matte  is 
crushed  and  then  submitted  to  the  action  of  sulphuric  acid  in  open 
vertical  cylinders  of  hard  lead,  4  feet  high  and  4  feet  to  4  feet 
6  inches  in  diameter,  provided  with  exit  tubes  at  the  bottom. 

The  process  of  solution  is  begun  by  bringing  into  the  vessels  4  cwts. 
of  chamber  acid  of  48°  to  50°  B.,  and  then  diluting  this  with  an  equal 
volume  of  water  or  acid  mother-liquors.  The  liquid  is  then  brought 
to  the  boiling  point  by  superheated  steam  injected  dii'ectly  into  it,  and 
the  crushed  roasted  matte  is  added  in  portions  of  from  2  to  3  cwts., 
and  thoroughly  stin-ed  with  wooden  poles.  To  dissolve  the  anhydrous 
sulphate  formed,  water  or  mother-liquor  is  added  from  time  to  time, 
and  as  soon  as  the  liquor  is  saturated,  which  is  the  case  after  about 
5  hours,  the  steam  is  shut  off  and  the  liquor  allowed  to  stand  for  an 
hour,  the  silver  slime  settling  to  the  bottom.  The  liquor  is  then 
syphoned  over  with  leaden  syphons  into  settling  vats,  and  after 
remaining  there  for  an  hour,  again  syphoned  into  the  crystallising 
vats,  where  the  copper  sulphate  crystals  deposit  on  lead  strips. 

As  the  crude  sulphate  may  still  enclose  some  silver  slime,  the 
greater  portion  of  it  is  again  dissolved  and  filtered  through  a  linen 
filter  placed  on  the  perforated  false  bottom  of  a  cylindrical  vessel,  and 
covered  with  a  layer  of  granulated  copper.     Any  silver  that  may 
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have  gone  into  solution  is  thus  precipitated  on  the  copper,  whilst  the 
slimes  are  retained  by  the  cloth. 

The  slimes  which  remain  in  the  first  vat  are  treated  with  dilute 
sulphuric  acid  and  steam  in  a  lead-lined  pointed  box  (Spitzkasten)  in 
order  to  dissolve  any  adhering  anhydrous  sulphate  or  other  soluble 
impurities,  then  washed  on  a  cloth  filter,  and  lastly  smelted  with 
argentiferous  ores  for  work-lead.  The  slime  contains  1  to  2  per  cent 
of  silver,  5  to  11  per  cent,  of  copper,  and  about  40  per  cent,  of  lead. 

The  crystallised  copper  sulphate  is  fi^e  from  iron ;  crystals  con- 
taining over  0035  per  cent,  of  iron  are  dissolved  and  recrystallised. 
The  mother-liquor  from  the  crystallisation  of  the  first  crude  sulphate 
is  acid,  and  is  used  for  diluting  the  sulphuric  acid  used  in  dissolving 
the  roasted  matte.  When  it  cannot  be  thus  employed  on  account 
of  the  iron  in  it,  it  is  treated  with  metallic  iron  (after  crude  sulphate 
has  been  again  crystallised  out)  to  precipitate  the  copper,  the 
liquor  remaining  being  either  allowed  to  crystallise  for  ferrous  sulphate, 
or  used  as  a  binding  material  in  making  pyritic  smalls  into  briquettes. 
The  mother-liquor  from  the  recrystallisation  of  the  copper  sulphate 
is  treated  in  the  same  way  after  it  has  been  in  use  for  some  time  and 
has  become  too  rich  in  iron. 

By  comparing  the  Freiberg  process  with  the  black  copper  dissolving 
process  in  use  at  Altenau,  in  the  Harz,  Kuhlemann  ^  arrives  at  the 
conclusion  that  the  economic  results  of  the  two  processes  would  be 
about  equal  were  it  not  for  the  fact  that  at  Altenau,  owing  to  the 
copper  containing  antimony  and  arsenic,  residues  containing  these 
metals  remain  when  it  is  dissolved  in  acid,  and  that  in  working  up  such 
residues  there  is  a  greater  loss  of  metal  than  is  the  case  in  the 
smelting  of  the  Freiberg  residue.  In  addition,  the  solution  of  the 
copper  in  acid  requires  a  longer  time  than  the  solution  of  the  oxide, 
and  more  strongly  acid  liquors  are  produced. 

The  Sulphuric  Acid  Extraction  at  Argentine,  Kansas. 

The  method  devised  by  Hofman,^  and  used  now  for  three  years  at 
the  works  of  the  Consolidated  Kansas  City  Smelting  and  Refining 
Company,  differs  from  the  Freiberg  method  in  that  the  matte  is  roasted 
to  oxide  and  sulphate,  and  the  roasted  mass  is  extracted  with  very 
weak  acid,  iron  and  other  impurities  being  removed  from  the  heated 
solution  by  a  special  process,  namely,  by  treatment  with  sweet- 
roasted  matte  and  compressed  air. 

^  Prenss.  Ministerial- ZeifschriJH  filr  Berg-y  HiUtenm'  und  ScUinenwtseUy  voL  19, 
p.  180.  2  The  Mineral  Industry,  1900,  p.  189. 
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The  matte,  which  contains  34  to  40  per  cent,  of  copper,  is  first 
broken  in  a  Krupp  balUmill,  and  sifted  through  a  sieve  with  50  meshes 
to  the  linear  inch.  It  is  then  carefully  roasted  in  a  Pearce  furnace 
with  two  hearths  (v.  s.),  the  supply  of  air  being  so  regulated  that 
any  cuprous  oxide  which  forms  is  converted  into  cupric  oxide,  and 
the  temperature  is  arranged  so  that  the  copper  sulphate  is  unchanged, 
whilst  the  ferrous  sulphate  is  decomposed  into  oxide  and  sulphur 
trioxide.  In  a  properly  conducted  calcination,  75  per  cent,  of  the 
copper  is  obtained  as  oxide  and  25  per  cent,  as  sulphate . 

Information  as  to  the  eflBciency  of  the  furnaces  and  the  fuel 
consumption  is  not  to  hand.  The  crushing  mills  put  through  18 
tons  in  24  hours.  As  the  matte  becomes  coarser  by  roasting,  it  is 
again  put  through  the  mills. 

The  solution  of  the  copper  takes  place  in  vessels  kept  in  motion 
to  prevent  the  agglomeration  of  the  mass.  The  acid  must  be  weak 
(3  per  cent.),  otherwise  oxide  of  iron  is  dissolved.  Steam  is  blown 
iiito  the  solution  to  heat  it,  and  matte  is  added  until  the  solution  is 
neutral,  the  density  being  kept  at  24°  to  26°  B.  When  the  solution  is 
complete,  the  liquid  is  drawn  over  into  a  cast-iron  pressure  vessel, 
and  thence  forced  into  a  filter  press.  If  the  density  exceed  26°  B., 
the  pipes  and  filter  cloths  become  stopped  by  the  crystallisation  of 
copper  sulphate. 

The  residue  after  filtration  contains  all  the  gold,  silver,  and  lead 
in  the  matte,  the  filtrate  contains  soluble  compounds  of  iron,  arsenic, 
antimony,  bismuth,  cobalt,  and  nickel,  besides  large  quantities  of 
copper  sulphate.  Any  silver  which  may  have  gone  into  solution  is 
reduced  by  the  ferrous  sulphate  to  insoluble  metal.  The  wash-water 
.fix)m  the  filter  contains  1  per  cent,  of  copper,  and  is  added  to  the 
main  solution. 

The  solution  is  purified  by  blowing  compressed  air  through  it. 
This  takes  place  in  cast-iron  towers  lined  with  lead  (20  lbs.  per 
square  foot).  These  towers  are  cylindrical,  ending  below  in  an 
inverted  cone;  they  are  16  feet  high  and  6  feet  in  diameter.  They  are 
fitted  inside  with  perforated  conical  shelves  of  hard  lead,  at  the  upper 
ends  of  which  there  are  manholes  closed  with  covers.  The  perforations 
are  larger  at  the  periphery  than  in  the  middle  of  the  plate ;  they  serve 
for  the  passage  of  compressed  air  up  the  tower.  A  lead  pipe  ending 
just  over  the  first  shelf  forms  the  steam  inlet,  and  a  pipe  at  the  top 
of  the  tower  carries  oflF  the  steam  and  air.  The  solution  is  forced  by 
air  pressure  into  a  reservoir  above  the  tower,  whence  it  flows  through 
the  tower,  escaping  firom  a  special  pipe  at  the  bottom. 

In  one  operation  3,000  gallons  of  solution  are  run  into  the  tower ; 
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steam  and  air  are  then  led  in,  and  roasted  matte  is  added  as  soon  as 
the  temperature  rises  to  75°  or  80°.  The  agitation  of  the  solution  by 
the  air  and  steam  keeps  the  matte  from  settling,  and  promotes  the 
reaction  between  the  ferrous  sulphate  on  the  one  hand,  and  the 
copper  oxides  of  the  matte  and  oxygen  of  the  air  on  the  other, 
whereby  the  iron  is  thrown  out  as  a  basic  salt ;  thus : — 

2FeS0,  +  2CuO  +  O  =  Fe^ + 2CUSO4. 

The  iron  is  only  completely  precipitated  after  the  other  impurities 
have  been  thrown  out.  The  purification  is  therefore  complete  as  soon 
as  a  test  shows  the  absence  of  iron.  This  is  generally  the  case  after 
3  or  4  hours.  The  liquor  is  now  run  oflF  and  filtered,  the  filtrate 
evaporated  and  set  to  crystallise.  The  copper  vitriol  thus  obtained 
does  not  alter  on  exposure  to  air  and  light.  This  is  thought  to  be 
due  to  its  crystallising  out  from  a  neutral  solution. 

The  residues  in  the  filter  press  consist  of  undecomposed  matt<?, 
basic  copper  sulphate  and  impurities.  To  extract  the  copper,  they 
are  treated  with  25  to  3  per  cent,  sulphuric  acid  in  rotating  vessels. 
On  filtering  this,  the  solution  is  added  to  liquors  for  purification,  and 
the  residue  is  worked  up  with  the  residues  from  the  first  extraction. 

If  the  chief  aim  be  the  preparation  of  copper  sulphate,  then  this 
process  is  cheaper  than  the  Freiberg  process,  and  more  economical 
still  than  the  solution  of  coarse  copper  in  sulphuric  acid,  since 
purification  of  the  matte  and  coarse  copper  is  unnecessary,  and 
sulphuric  acid  is  economised  by  the  conversion  of  25  per  cent,  of  the 
copper  in  the  matte  into  copper  sulphate  by  the  initial  roasting. 

The  process  has  been  in  use  at  Argentine  for  some  three  years. 

B.  Pkocesses  in  which  the  Silver  is  Dissolved 

Silver  precipitated  from  its  solutions  is  seldom  piire,  and  has  in 
consequence  to  be  leaded.  This  leading  is  performed  by  smelting 
the  silver  precipitate  with  materials  rich  in  lead,  such  as  lithai^ 
or  old  cupellation  hearths  in  blast  furnaces,  or  else  by  adding  the 
precipitate  to  red  hot  molten  lead,  contained  either  in  an  iron  pot  or 
else  in  the  cupellation  hearth. 

In  this  way  silver  sulphide  precipitated  from  thiosulphate  liquors 
is  leaded  in  a  bath  of  molten  lead,  either  in  the  cupellation  furnace, 
as  at  St.  Andreasberg,  or  in  cast-iron  vessels  as  at  Eapnik  10 
Hungary.  Silver  thrown  down  as  metal  by  copper  from  solutions  of 
its  chloride  is  treated  in  the  same  way  at  Kapnik. 

Silver  precipitated  from  argentiferous  copper  liquors  as  sulphide, 
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or  as  iodide  subsequently  converted  into  sulphide  by  treatment  with 
sodium  sulphide,  is  usually  leaded  by  smelting  with  materials  contain- 
ing that  metal  in  blast  furnaces.  The  processes  in  which  silver  is 
dissolved  and  then  precipitated  will  be  considered  subsequently. 

2.  The  Extraction  of  Silver  by  the  Amalgamation 

Process 

In  the  amalgamation  process,  the  silver  in  ores  or  metallurgical 
products  is  converted  into  a  mercury  alloy  or  amalgam,  which  is  subse- 
quently distilled,  the  silver  being  left  behind  and  the  mercury  con- 
densed and  used  over  again.  The  mercury  is  used  in  the  metallic 
state,  its  employment  in  the  form  of  soluble  salts  (mercuric  chloride, 
as  in  DesignoUe's  process)  not  having  proved  a  success. 

The  amalgamation  process  has  the  advantage  of  requiring  but 
little  fuel,  and  with  suitable  ore  gives  a  high  percentage  of  extraction. 
There  are,  however,  the  disadvantages  of  a  considerable  loss  of  mer- 
cury and  incomplete  extraction  in  the  case  of  pyritic  ores,  or  ores 
containing  blende,  lead,  arsenic,  antimony  and  bismuth  compounds. 
The  process  is  best  adapted  for  use  with  a  certain  class  of  ore  (native 
silver,  with  chloride  or  sulphide,  free  from  lead  and  from  any  tough 
clayey  gangue),  where  mercury  can  be  had  cheaply,  and  where  fuel  is 
dear.  Such  conditions  chiefly  prevail  in  parts  of  America,  and  under 
these  circumstances  the  process  is  a  better  one  to  employ  than  either 
the  smelting  process  or  the  wet  extraction.  There  are  two  principal 
operations  in  the  amalgamation  process : — 

1.  The  production  of  the  amalgam. 

2.  The  separation  of  silver  from  the  amalgam. 

I.  The  Production  of  the  Amalgam 

Mercury  unites  directly  with  native  silver,  forming  silver  amalgam. 
Silver  chloride  is  easily  decomposed  by  mercury  with  the  formation 
of  mercurous  chloride  and  free  silver,  which  then  unites  with  the 
excess  of  mercury ;  iodide  and  bromide  of  silver  are  also  decomposed 
by  mercury  but  not  so  readily  as  the  chloride.  Silver  sulphide  is 
slowly  decomposed  by  mercuiy  with  the  formation  of  mercuric  sul- 
phide, the  decomposition  being  more  rapid  in  presence  of  iron,  and 
especially  on  heating.  Arsenical  and  antimonial  compounds  of  silver 
are  only  slowly  and  incompletely  decomposed  by  mercury  alone. 

It  is  not  therefore  possible  to  extract  the  silver  from  most  ores 
and  metallurgical  products  by  simple  treatment  with  mercury,  only 
those  ores  containing   their  silver  either  free  or  as   chloride  being 
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capable  of  amalgamation  without  furthur  treatment.  The  decom- 
position of  silver  chloride  by  mercury  is  always  attended  with  a  loss 
of  mercury  owing  to  the  formation  of  mercurous  chloride,  so  that  it 
is  preferable  in  most  cases  to  bring  about  the  decomposition  of  this 
compound  by  means  of  metallic  iron  or  copper. 

Ores  containing  silver  as  sulphide  are  only  very  slowly  attacked 
by  mercury,  with  the  formation  of  mercuric  sulphide.  They  are, 
therefore,  treated  with  mercury  and  metallic  iron,  or  with  copper 
chloride  and  mercury,  either  alone  or  together  with  iron,  copper, 
lead  or  zinc,  or  else  the  silver  in  the  ore  is  converted  into  chloride 
by  roasting  with  salt,  and  the  roasted  ore  is  then  treated  with 
mercury  and  iron  or  copper.  In  every  case  the  silver  is  i-educed  to 
the  metallic  state,  and  amalgamates  with  the  mercury,  which  must  be 
present  in  excess. 

Ores  and  metallurgical  products  containing  silver  sulphide,  to- 
gether with  other  metallic  sulphides,  particularly  those  of  arsenic 
and  antimony,  are  also  treated  with  copper  chloride  and  mercury,  or 
with  copper  chloride  together  with  iron,  copper,  lead  or  zinc,  and 
mercury,  or  else  they  are  roasted  with  salt  and  then  treated  with  iron 
or  copper  in  presence  of  mercury.  By  these  methods  the  silver  is 
separated  in  the  metallic  state,  combining  then  with  the  mercury 
present  to  form  amalgam. 

The  processes  can  consequently  be  divided  into  those  where  the 
amalgamation  is  eflfected  by  the  action  of  mercury  alone,  and  those 
in  which  reagents  are  employed  in  addition.  These  reagents  either 
assist  the  action  of  the  mercury  upon  silver  sulphide,  as  is  the 
case  with  iron,  or  they  liberate  metallic  silver  from  its  chloride 
(copper,  iron,  zinc,  lead),  or  they  convert  the  silver  present  as  sulphide, 
or  as  an  arsenic  or  antimony  compound,  into  metallic  silver  or  its 
chloride. 

The  processes  in  which  reagents  are  used  can  again  be  divided 
into  those  where  amalgamation  takes  place  without  any  preliminary 
chloridising  roasting  of  the  ores  or  metallurgical  products,  and  into 
those  where  the  amalgamation  is  preceded  by  a  chloridising  roasting. 

Amalgamation  processes  may  consequently  be  classed  under  three 
heads : — 

1.  Amalgamation  with  mercury  alone. 

2.  Amalgamation  with  mercury  and  certain  reagents  without 
roasting. 

3.  Amalgamation  with  mercury  and  reagents  after  a  chloridisiog 
roasting. 

In   every  case  it    is  essential   that   the   ores   or   metallurgical 
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products  should  be  in  the  state  of  fine  powder,  and  should  not 
contain  any  admixtures  which  would  coat  the  silver  particles  with 
a  tough  pasty  mass,  liable  to  retain  particles  of  mercury  mechani- 
cally. Clay  and  certain  magnesian  silicates  form  such  objectionable 
masses. 

In  order  that  the  mercury  may  react  properly,  it  must  have  a 
bright  clean  surface,  be  finely  divided,  and  be  brought  into  intimate 
contact  with  the  powdered  ore.  The  action  of  the  mercury  is  greatly 
hindered  by  its  globules  becoming  coated  with  a  layer  of  calomel, 
clay,  oil  or  grease,  and  these  must  be  removed  by  chemical  or 
mechanical  means.  The  aflSnity  of  the  mercury  for  the  ore  powder 
to  be  amalgamated  is  increased  if  it  contains  small  quantities  of 
silver,  zinc,  copper  or  lead,  but  large  amounts  of  these  bodies, 
especially  of  lead,  have  an  injurious  influence. 

Of  the  various  metals  that  may  be  present,  gold  is  the  most 
easily  amalgamated,  surpassing  even  silver  in  this  respect.  Zinc,  lead 
and  bismuth  are  also  easily  amalgamated,  and  copper  if  in  a  state 
of  fine  division,  but  not  at  all  readily  if  in  large  pieces.  Arsenic 
and  antimony  are  only  amalgamated  with  difficulty,  iron,  nickel  and 
cobalt  not  at  all. 

« 

The  losses  of  mercury  during  amalgamation  are  partly  chemical 
and  partly  mechanical.  The  chemical  losses  are  due  to  the  formation 
of  mercurous  chloride  and  mercuric  sulphide  by  the  reaction  of 
mercury  with  silver  chloride  and  sulphide,  or  else  arise  through  the 
production  of  mercurous  chloride  due  to  the  action  of  cupric  and 
ferric  chlorides  upon  mercury.  This  latter  source  of  loss  can  be 
avoided  by  the  addition  of  iron,  which  reduces  the  two  chlorides  to 
the  cuprous  and  ferrous  compounds. 

The  mechanical  losses  are  due  partly  to  the  flouring  of  the  mercury, 
partly  to  losses  of  portions  of  mercury  and  amalgam  which  remain 
behind  in  the  residue. 

The  flouring  of  the  mercury  is  the  result  of  its  division  into  minute 
globules,  which  cannot  be  made  to  unite  together  into  drops,  and  are 
in  consequence  washed  away  by  the  water,  and  it  is  caused  by  the 
too  rapid  rotation  of  the  amalgamating  apparatus,  the  little  globules 
of  mercury  thus  formed  being  prevented  from  coming  together  again 
by  the  earthy  or  clayey  matters  present. 

The  losses  owing  to  mercury  remaining  behind  in  the  residues, 
arise  through  particles  becoming  coated  with  tough  clayey  masses 
and  also  as  a  result  of  the  imperfect  separation  of  the  mercury 
firom  heavy  minerals,  lead  ores  in  particular  acting  injuriously  in 
this  way. 
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1.   AMALGAMATION   WITH   MERCURY   ALONE 

This  method,  known  as  direct  amalgamation,  is  used  in  the  case 
of  ores  which  contain  chiefly  native  silver  with  smaller  quantities  of 
sulphide  or  chloride.  It  is  sometimes  combined  with  other  methods 
of  amalgamation,  the  ores  being  first  treated  with  mercury  alone  in 
order  to  extract  the  native  silver  and  any  gold  present,  and  the 
residue  being  then  submitted  to  a  chloridising  roasting  in  order 
to  convert  the  sulphur,  arsenic  or  antimony  compounds  into 
chlorides. 

The  process  consists  in  rubbing  the  ores  with  mercury,  the  crush- 
ing of  the  ore  either  going  on  at  the  same  time  or  having  been  done 
previously.  The  ore  is  more  generally  crushed  first  and  then  the 
amalgamation  is  conducted  in  iron  pans.  Mills  with  revolving 
crushers  of  stone  (Arrastras)  and  edge  runners  (Chilian  mills)  are 
employed  for  the  simultaneous  crushing  and  amalgamation  of  the 
ore. 

This  method  of  amalgamation  was  formerly  employed  in  Peru, 
Chili  and  Mexico,  and  is  still  employed  in  some  localities  in  these 
countries  where  the  necessary  ore  can  be  procured. 

The  Peruvian  process,  known  as  the  Tintin  process,  was  described 
by  Alonzo  Barba  in  1640.^  The  apparatus  used  consists  of  a  hard 
stone  with  a  cavity  9  inches  wide  and  9  inches  deep,  the  ore  in  small 
pieces  being  triturated  with  mercury  and  water  in  this  cavity  by 
means  of  an  iron  pestle,  water  being  kept  flowing  continually  into 
the  cavity  at  one  side  and  out  at  the  other.  This  water  runs  into 
tanks  and  deposits  its  suspended  particles,  and  as  these  may  contain 
arsenic,  sulphur  or  antimony  compounds  of  silver,  they  are  further 
treated  by  the  Patio  process  described  later  on. 

In  Chili,  large  quantities  of  ore  containing  chiefly  native  silver, 
but  carrying  also  chloride,  chloro-bromide,  bromide  and  iodide  of 
silver,  as  well  as  native  amalgam  (arquerite),  were  treated  by  the 
direct  amalgamation  process.  These  ores  were  found  in  the  upper 
portions  of  the  ore  deposits  in  the  Copiapo  valley,  and  were  known 
as  meCales  calidos,  in  contradistinction  to  the  ores  from  the  deeper 
portions  of  the  deposits,  consisting  of  sulphur,  arsenic  and  antimony 
compounds,  unfit  for  treatment  by  direct  amalgamation,  and  known 
as  metales  frios. 

The  ores  were  first  crushed  in  edge  runners  (Chilian  mills)  from  4 
to  6  feet  in  diameter,  constructed  usually  of  stone  with  an  iron  rim, 
and  were  then  submitted  to  the  amalgamation  process  in  tubs  or 

Percy,  Silver  and  Oold,  p.  663. 
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vats  known  as  Unas,  similar  to  those  represented  in  Figs.  530  and  531. 
The  sides  were  of  wood,  the  bottoms  of  cast-iron,  and  on  the  upright 
shaft  TO,  two  wrought  iron  anus  were  attached  just  touching  the 
bottom  and  serving  to  bring  the  mercury  into  intimate  contact  with 
the  ore,  these  agitators  being  rotated  by  bevel  wheels,  as  shown  in 
the  figure.  At  the  bottom  of  the  tina  was  a  hole  closed  by  a  wooden 
plug  for  the'  purpose  of  drawing  off  its  contents. 


n 
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The  charge  for  each  liua  was  from  4  to  6  cwts.,  depending  on 
the  character  of  the  ore,  and  150  lbs.  of  mercury  were  used  for  poor 
ores,  and  more  for  richer  ones.  The  rubbers  nmde  about  16  revo- 
lutions per  minute,  and  the  amalgamation  lasted  4  to  6  hours  with 
ores  containing  only  native  silver,  or  about  20  hours  when  silver 
chloride  or  chloro-broraide  was  present.  This  is  owing  to  the  greater 
difficulty  of  bringing  chloride  of  silver  into  contact  with  the  mereury, 
the  grains  being  flattened  during  grinding,  and  having  a  tendency  to 
remain  suspended  in  the  water. 
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After  the  amalgamation  had  proceeded  for  a  sufficiently  long 
time,  the  amalgam  was  drawn  off  through  the  hole  at  the  bottom 
into  an  iron  pot,  after  which  the  entire  contents  of  the  Una  were 
run  into  settling  tanks,  in  which  the  solid  matter  was  deposited 
The  amalgam  was  first  drained  from  excess  of  mercury  in  canvas 
bags,  and  then  pressed  into  iron  moulds,  the  pressed  amalgam  con- 
taining from  16  to  25  per  cent,  of  silver. 


In  Mexico.'ores  containing  native  silver,  ^together  with  a  small 
amoimt  of  sulphide,  were  first  stamped  in  mills  and  then  amalga- 
mated in  arraslras,  a  special  kind  of  mill 

The  amtstra  shown  in  Figs.  532  and  533  consists  of  a  circular  floor 
of  haixl  stones  set  on  edge,  varying  in  diameter  from  5  feet  to  11  feet 
6  inchus,  and  surrounded  by  a  raised  rim,  12  inches  deep,  of  stone  or 
blocks  of  wood.     A  vertical  shaft  w  is  fixed  in  the  centre,  provided 
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with  arms  a,  to  which  the  heavy  mill-stones  M  are  attached  by  cords 
or  chains.  The  axle  is  revolved  by  water  or  mule  power,  and  the 
ore  is  further  crushed  by  the  revolving  stones,  and  brought  into 
intimate  contact  with  the  mercury  that  is  added.  Any  gold  or  silver 
is  amalgamated  by  the  mercury,  and  sulphide  of  silver  is  decomposed 
with  the  production  of  mercuric  sulphide. 

At  the  works  at  Batopilas,  a  town  in  Southern  Chihuahua, 
Mexico,^  the  ore  is  first  crushed  in  a  stamp  battery  and  from  the 
stamps  it  drops  on  to  a  screen  with  |-inch  slits,  whereby  the  larger 
lumps  of  silver  are  separated  and  remain  on  the  screen.  These  lumps 
are  refined  along  with  the  retort  silver,  whilst  the  ore  passing  through 
the  screen  is  amalgamated  in  ai^astras.  The  charge  for  each  arrastra 
is  about  a  ton  of  ore,  and  about  25  lbs.  of  mercury  are  added  at 
intervals  during  the  grinding,  which  occupies  about  8  hours. 

Every  morning,  a  sufficiency  of  water  is  put  into  the  arrastra, 
and  the  grinding  continued  for  4  to  6  hours,  when  part  is  run 
off,  carrying  with  it  a  certain  amount  of  the  finely-ground  and 
desilverised  ore  suspended  in  the  liquid.  Rich  ore  is  added  in 
place  of  that  drawn  off,  and  a  corresponding  amount  of  mercury 
(25  lbs.  per  ton  of  ore),  and  after  three  days'  working  in  this 
way  the  amalgam  is  scraped  up,  and  washed  in  wooden  bowls, 
with  the  addition  of  about  10  "per  cent,  of  mercury.  The  slimes 
produced,  which  are  rich  in  silver,  are  concentrated  by  washing 
on  tables.  The  amalgam  is  squeezed  into  balls  2  inches  to  2^  inches 
in  diameter  in  canvas  cloths,  in  order  to  free  it  from  excess  of  mercury, 
and  is  then  retorted. 

Instead  of  this  method  of  amalgamation,  the  pan  process  described 
below  is  now  adopted  at  Batopilas.  According  to  the  present  state 
of  metallurgical  knowledge,  the  pan  treatment  affords  the  most  satis- 
factory means  of  working  the  amalgamation  process  where  mercury 
is  used  alone.  This  is  described  in  detail  under  the  name  of  the 
Washoe  process. 

2.  Amalgamation  in  Presence  of  Reagents,  but  without 

Previous  Chloridising  Roasting 

This  method  is  generally  used  when  the  silver  exists  in  the  form 
of  sulphur,  arsenic  or  antimony  compounds,  or  of  simple  sulphide,  or 
in  the  form  of  haloid  salts,  the  reagents  being  added  in  the  amalga- 
mating apparatus. 

The    processes    included    under    this    heading  f^re   the    Cazo, 

^  Percy,  Gold  and  Silver,  p.  574. 
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Krohnke  and  Patio  processes,  and  the  Washoe  or  wet  process  of  pan 
amalgamation.  The  Washoe  process  is  the  most  generally  used,  and 
is  the  one  most  to  be  recommended  with  suitable  ores. 


The  Cazo  Process 

This  process,  known  also  as  the  Caldron  process,  or  the  hot  pan 
amalgamation  process,  is  applicable  to  ores  containing  native  silver 
and  horn  silver.  It  is  conducted  in  vessels  made  either  wholly  or 
partially  of  copper,  and  the  reagents  are  the  copper  of  the  amalga- 
mating vessel  or  the  agitators,  and  a  boiling  solution  of  common  salt. 
The  silver  chloride  in  the  ore  is  decomposed  by  the  metallic  copper, 
and  the  liberated  silver  is  then  taken  up  by  the  mercury.  The  cupric 
chloride  formed  is  converted  into  cuprous  chloride  by  contact  with 
metallic  copper,  and  the  cuprous  chloride  dissolves  in  the  hot  salt  solu- 
tion.    Any  native  silver  present  is  taken  up  directly  by  the  mercury. 

This  process  was  devised  in  1609  by  the  priest,  Alonzo  Barba,  of 
Peru,  and  practised  in  South  America  and  Mexico  for  the  working  of 
ores  containing  horn  silver,  occurring  in  the  upper  layers  of  the  ore 
deposits.  As  the  mines  increased  in  depth,  silver  chloride  gave  place 
in  great  measure  to  sulphur,  arsenic  and  antimony  compounds,  and 
in  consequence  the  Cazo  process  has  been  abandoned  at  most  places. 
The  yield  of  silver  by  this  process  was  very  good.  The  loss  of  mer- 
cury varied  from  2  to  2  J  times  the  weight  of  the  silver  in  the  ore. 

The  ores  were  first  crushed  in  stamp  mills,  and  then  in  arrasiras. 
They  were  then  concentrated  if  not  sufficiently  rich  (^  per  cent.)  by 
washing  on  concave  tables  {jplanillas),  the  residues,  if  sufficiently  rich, 
being  treated  by  the  Patio  process. 

The  amalgamating  vessels  used  at  first  were  small  and  known  as 
cazoSy  but  afterwards,  and  particularly  in  Mexico,  larger  vessels  called 
fondones  were  employed.  The  cazo  was  orignally  made  entirely  of 
copper,  but  later,  wood  or  masonry  vessels  with  copper  bottoms  came 
into  use.  The  dimensions  of  such  a  vessel  were :  ^  diameter  at  the 
top  3  feet  3  inches;  at  the  bottom,  2  feet;  height,  18  inches;  the  copper 
bottom  was  2  to  2^  inches  thick.  The  vessel  was  placed  over  a  fire 
without  grate  or  chimney,  the  charge  for  such  a  vessel  consisting  of 
1  cwt.  of  ore.  This  was  stirred  up  in  the  cazo  with  water  to  a  thin 
pulp,  the  mass  raised  to  the  boiling  point,  and  then  common  salt  added 
in  quantities  of  from  5  to  15  per  cent,  of  the  weight  of  the  ore.  In 
order  to  prevent  the  salt  caking  on  the  bottom,  it  had  to  be  kept 
stirred  until  the  liquid  was  boiling. 

^  Egleston,  Metallurgy  ofSilvtr,  Goldy  and  Mercury ^  vol.  i.,  p.  313* 


After  the  salt  was  dissolved,  mercury  was  added  in  separate  por- 
tions, the  whole  contents  being  stirred  with  a  wooden  stick  during 
the  addition.  It  was  usual  to  add  at  first  a  quarter  of  the  entire  amount 
of  mercury  to  be  used,  and  the  second  quarter  after  half  an  hour,  or 
as  soon  as  the  amalgam  had  the  appearance  of  a  bright  grey  sand, 
further  additions  being  made  until  the  amalgam  contained  2  parts  of 
mercury  to  1  of  silver.     This  extended  over  6  hours,  and  the  fluid  in 
the  vessel  was  then  ladled  out  and  used  again  for  the  next  amalgama- 
tion.    The  solid  mass  containing  the  amalgam  was  then  taken  out 
with  wooden  bowls,  and  washed  in  large  wooden  dishes,  with  the 
addition    of  about    as 
much  mercury  as  had 
already  been  used  in 
the  amalgamation. 

One  important 
point  in  the  amalga- 
mation was  to  prevent 
the  mercury  adhering 
to  the  copper.  Not 
only  was  the  process 
of  amalgamation  thus 
hindered,  bub  a  loss 
of  mercury  occurred 
owing  to  the  reaction 

with    silver    chloride,  ,,,  ?  i    ,   ,    ,  f  ,   ,   i   i   {"'' 

and  the  production  of  fm.  s34. 

mercurous  chloride.  It 

was  found  that  if  the  proportion  of  mercury  to  silver  was  as  2 : 1  such 
adhesion  never  took  place,  but  it  was  not  to  be  prevented  if  more 
than  4  parts  of  mercury  were  present  to  1  of  silver. 

The  larger  vessels  called  fondoncs  were  7  feet  in  diameter  at  the 
top,  6  feet  at  the  bottom,  and  2  feet  9  inches  high.  The  bottoms  were 
cast  of  copper,  7  to  7'8  inches  thick,  7  inches  deep,  and  6  feet  in 
diameter.  On  the  turned  up  edge  of  the  bottom  was  built  a  vessel 
composed  of  wooden  staves  27^  inches  long,  and  bound  round  with 
iron  hoops.  Resting  on  the  copper  bottom  and  fastened  to  two  arms 
attached  to  a  vertical  shaft  were  two  cast  copper  blocks,  each  300  lbs. 
in  weight,  which  could  be  driven  round  by  mules.  The/wwion  was 
heated  by  a  firegrate  below  it. 

Such  a.fondon  is  shown  in  Fig.  534,  where  A  is  the  vessel  with 
copper  bottom,  k ;  /  are  the  wooden  staves,  a  the  copper  blocks  fastened 
to  the  arms  m  of  the  vertical  shaft  w.     The  shait  is  driven  round  by 
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mules  attached  to  the  arm  u,  and  walking  round  in  the  space  o ;  r  is 
the  fireplace,  and  p  the  brickwork. 

The  charge  for  Sifondon  was  trom.  10  to  12  cwts.  of  rich  ore.  This 
was  charged  in  with  sufficient  water  to  make  a  thin  mud,  the  gear 
set  going  and  the  fire  lighted.  As  soon  as  the  water  boiled,  firom  10 
to  25  per  cent,  of  salt  was  added,  according  to  the  percentage  of  silver 
in  the  ore. 

The  agitator  made  about  10  revolutions  per  minute,  the  mercury 
being  added  in  separate  portions  as  in  the  cazOy  the  first  addition  being 
equal  to  half  the  weight  of  the  silver  present.  The  process  lasted 
about  6  hours,  and  after  the  lapse  of  this  period  the  liquid  and  the 
lighter  portions  were  run  oflF  through  a  side  opening,  whilst  the  heavier 
portions  and  the  amalgam  lying  on  the  bottom  were  scooped  out  and 
washed  with  the  addition  of  more  mercury.  The  portions  washed 
away,  if  at  all  rich  in  silver,  were  treated  by  the  Patio  process. 

If  the  mercury  was  added  in  too  great  excess  or  the  agitators 
revolved  too  slowly  the  mercury  adhered  to  the  copper,  delaying  the 
process  and  causing  a  loss  of  mercury.  The  loss  of  mercury  ordinarily 
amounted  to  2  per  cent.,  part  of  it  being  mechanically  lost  and  part 
volatilised. 

The  KrOhnke  Process 

The  Krohnke  process  ^  was  introduced  into  Copiap6  in  Chili,  in 
1860  (later  into  Peru,  Mexico  and  Bolivia),  by  the  then  German 
consul  of  that  name,  and  consists  in  the  employment  of  a  hot 
solution  of  cuprous  chloride  in  common  salt  to  decompose  the  silver 
compounds,  which  are  then  reduced  by  means  of  zinc  or  lead  used  in 
the  form  of  an  amalgam  of  these  metals.  In  this  method  the  sulphur, 
arsenic  and  antimony  compounds  of  silver  are  reduced  galvanically  to 
silver  by  the  electro-positive  metals  zinc  and  lead  acting  in  a  solution 
of  sodium  chloride,  whilst  at  the  same  time  they  are  partially  decora- 
posed  by  the  hot  cuprous  chloride  with  formation  of  silver  chloride, 
which  is  then  reduced  to  silver  by  the  zinc  and  lead.  The  silver 
formed  by  the  action  of  the  lead  or  zinc,  as  well  as  that  present 
in  the  ore  in  the  free  state,  is  taken  up  by  mercury  and  obtained  as 
an  amalgam.  Of  the  metals  which  bring  about  the  reduction  of  these 
compounds  of  silver,  zinc  and  copper  are  the  most  active,  iron,  lead, 
tin  and  mercury  exerting  a  feebler  influence  upon  them.  The  action 
is  increased  by  employing  the  metal  in  a  fine  state  of  subdivision,  or 
as  an  amalgam,  and  the  high  conductivity  of  concentrated  salt 
solutions  is  favourable  to  the  reaction. 

^  B.  Krohnke,  Methodt  zur  ErUsilberung  von  Erzen-f  Stuttgart,  1900. 
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According  to  the  researches  of  Rammelsberg,^  silver  sulphide  is 
decomposed  by  cuprous  chloride  in  the  following  way : — 

AggS  +  CugClg  =  2  AgCl + CuS + Cu, 

the  silver  according  to  this  equation  being  completely  converted  into 
chloride. 

According  to  Krohnke  the  reaction  is  : — 

AggS  +  CugCla  =  CujS  +  2AgCl. 

By  the  action  of  cuprous  chloride  on  pjrrargyrite,  a  part  of  the 
silver  is  set  free  according  to  Rammelsberg,  silver  sulphide  and 
chloride  being  formed  at  the  same  time,  according  to  the  equation : — 

2  AgaSbSg + CujClg = 2  AgCl + Ag^S + 2  Ag + 2CuS + 8^83. 

Galvanic  reduction  alone  or  the  action  of  cuprous  chloride  alone 
cannot  effect  a  complete  decomposition  of  the  silver  compounds. 
When  combined,  however,  the  reduction  to  silver  is  almost  perfect,  the 
copper  salt  appearing  to  take  the  leading  part  in  the  reaction. 

Krohnke  writes  in  the  work  quoted  above  (p.  30)  as  follows  :  "  It 
is  evident  that  these  two  reactions  mutually  assist  each  other.  This 
may  happen,  either  by  the  galvanic  decomposition  of  part  of  the  silver 
sulphide  or  silver  antimony  sulphide,  which  is  not  attacked  by  the 
cuprous  chloride,  laying  bare  new  matter  for  the  attack  of  this  reagent, 
or  by  the  conversion  by  the  copper  salt  of  those  portions  of  the 
silver  compounds  which  are  not  galvanically  reducible  into  silver 
chloride  and  subsequent  reduction  by  zinc  or  copper.  It  is  difficult 
to  say  which  of  these  reactions  plays  the  leading  part  since  they  occur 
concurrently,  but  it  seems  not  unlikely  that  the  cuprous  chloride  is 
more  potent  sin6e  its  action  is  the  more  rapid,  and  it  can  decompose 
the  greater  part  of  the  silver  sulphide  even  when  unassisted." 

With  regard  to  the  action  of  the  zinc  Krohnke  says  (p.  26) : — 

"  It  is  more  than  likely  that  the  zinc  acts  indirectly,  first  decom- 
posing water  into  its  elements,  which  then  in  the  nascent  state  com- 
bine with  the  sulphur  and  zinc  to  form  hydrogen  sulphide  and  zinc 
oxide,  and  these  by  secondary  action  hydroxy-sulphhydrate  of  zinc. 
This  view  is  supported  by  the  liberation  of  hydrogen  sulphide  in  small 
quantities  during  the  reaction.  Furthermore,  it  can  hardly  be  doubted 
that  the  arsenic  and  antimony  of  the  pyrargyrite  are  deposited  wholly 
or  in  part  in  the  metallic  state.  The  black  colour  of  the  residue,  the 
smell  of  arsenic  and  the  large  quantity  of  this  element  which 
amalgamates  with  the  mercury  or  clings  obstinately  to  it,  all  point 

*  Percy-Rammelsberg,  SUber  und  OM,  p.  115. 
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to  this.  On  the  other  hand  sulphide  of  arsenic  and  antimony  art' 
reduced  but  slowly,  though  it  is  possible  that  the  presence  of  silver 
may  accelerate  this  reaction." 

The  Krohnke  process  is  suitable  for  most  ores  where  the  object  is 
the  extraction  of  silver  and  not  the  other  metals.  Hence  it  cannot 
be  used  profitably  for  silver-bearing  galena  and  zinc  blende. 

The  ores  worked  in  the  Copiaprf  district  by  this  process  contain 
native  silver,  horn  silver,  proustite,  pyrargyrite,  polybasite  and  silver 
glance,  the  gangue  consisting  of  limestone,  marl,  diabase,  porphyry, 
heavy  spar,  gypsum,  asbestos  and  kaolin.  The  execution  of  the  process* 
may  be  summarised  under  the  following  series  of  operations : — 

1.  Crushing  the  ores. 

2.  Treatment  of  the  crushed  ores  in  rotating  barrels  with  solution 

of  cuprous  chloride,  mercury,  and  zinc  or  lead  amalgam. 

3.  Purification  of  the  amalgam. 

4.  Extraction  of  silver  from  the  amalgam. 

1.  Crushing  the  Ores. 

Fine  grinding  of  the  ores  is  essential  to  the  process.  Ores  which 
contain  much  native  arsenic  or  clayey  matters  must  be  mixed  with 
ores  free  from  these  before  grinding,  otherwise  caked  masses  an^ 
formed  which  hinder  the  effective  distribution  of  mercury  during 
amalgamation.  At  Escobar  and  Ossa,  the  ores  are  first  crushed 
between  two  sets  of  rolls  placed  one  below  the  other  and  then 
finely  ground  by  edge  runners  (Chilian  mills).  The  arrangement 
of  a  Chilian  mill  or  trainche,  made  by  Eraser  and  Chalmers  of 
Chicago,  is  shown  in  Fig.  535.  The  runners  are  of  cast-iron  with 
steel  rims  and  the  bottom  of  the  mill  is  of  steel  plate,  and  the 
mill  is  run  with  a  continuous  supply  of  water — 70  to  100  cubic 
feet  per  hour  for  a  mill  with  2  runners.  The  escape  pipe  is  6  to  8  inches 
above  the  bottom.  The  rollers  are  55  inches  high  and  12  inches 
wide ;  they  weigh  36  cwts.  each,  and  make  8  to  15  revolutions  per 
minute.  Two  pairs  of  mills  with  4  rollers  require  6  to  7  h.p.  to  drive  them 
at  14  revolutions  a  minute,  and  yield  in  24  hours  from  6  to  10  tons 
of  ground  ore,  the  quantity  depending  on  the  hardness  of  the  ore.  The 
finely-powdered  ore  suspended  in  the  water  is  run  into  2  slime  boxes, 
each  with  a  capacity  of  4000  cubic  feet  and  holding  1000  tons  of  ore, 
where  it  is  allowed  to  settle.  As  soon  as  a  box  is  full  the  slinu* 
is  taken  out  and  dried  in  flat  basins  paved  with  bricks  or  small  stones. 
At  least  4  to  5  square  inches  of  drying  area  is  needed  for  66  to  88  lbs. 


of  ore.     The  drying  is  completed  bj  spreading  out  in  the  sun.     The 
dry  ore  is  then  charged  into  the  amalgamating  barrels. 

2.   TrealmeiU  of  the  twes  with  cuprous  chloride,  mercury,  and  zinc  or 

lead  amalgam. 

The  cuprous  chloride  must  be  prepared  immediately  before  use, 

since  it  oxidises  readily  in  air  to  cupric  chloride  and  oxychloride,  the 

latter  of  which  is   useless   for   the  purposes  of  amalgamation.     To 

pi-epjire  it,  1  part  of  copper  sulphate  ia  dissolved  in  6  to  20  parts  of 


a  concentrated  solution  of  common  salt;  and  sulphuric  acid  to  the 
amount  of  0'5  to  1  per  cent,  of  the  copper  sulphate  ia  added  to  the 
solution.  A  better  method  ia  to  a<M  common  salt  to  a  solution  of 
copper  sulphate  of  strength  50°  B.  so  long  as  it  is  dissolved.  Cupric 
chloride  and  sodium  sulphate  are  formed  in  solution.  The  liquid  is 
HOW  heated  by  steam,  in  wooden  vats,  with  sheet  copper  or  old  ships' 
bottoms,  and  the  cupric  chloride  is  rediiced  to  cuprous  chloride  by 
the  copper.  The  free  sulphuric  acid  prevents  the  formation  of  basic 
salt  which,  if  once  it  be  formed,  is  hard  to  dissolve  in  acid.  The 
cuprous  chloride,  though  but  slightly  soluble  in  water,  is  readily 
soluble  in  sodium  chloride  solution.      The  reduction  is  over  as  soon 

3  0  2 


756  METALLURGY 

as  the  liquid  becomes  decolorised,  and  a  test  gives  on  dilution  a  white 
precipitate  of  the  cuprous  salt. 

Zinc  amalgam  is  prepared  by  heating  together  commercial  sheet 
zinc  with  ten  times  its  "weight  of  mercury  until  the  zinc  all  dissolves. 
After  cooling  the  mass  is  pressed  in  coarse  cloths  to  remove  the 
excess  of  mercury ;  the  zinc  amalgam  remains  behind  as  a  coarsely 
crystalline  mass.  The  amalgam  is  prepared  under  acidified  water  in 
rectangular  vessels  made  of  stout  sheet  iron,  the  bottom  plate  of  which 
is  a  single  unri voted  sheet.  The  rim  projects  over  the  supports  so  far 
that  any  mercury  splashed  in  the  process  collects  in  a  gutter  beneath 
the  vessel.  The  amalgam,  freed  from  mercury  as  much  as  possible, 
contains  14  to  17  per  cent,  of  zinc.  The  percentage  may  rise  to  60 
when  large  quantities  are  cooled  slowly,  and  opportunity  is  given  for 
the  growth  of  large  hard  crystals  almost  free  from  mercury. 

Lead  amalgam  is  made  by  dissolving  lead  in  mercury,  2  parts  of 
mercur}'  taking  up  as  much  as  1  part  of  lead.  The  solution  can  be 
carried  out  without  the  addition  of  acid.  Lead  amalgam  behaves 
like  zinc  amalgam  on  cooling.  After  filtration  it  contains  45 
per  cent,  of  lead;  after  slow  cooling  of  large  quantities  585 
per  cent. 

The  amalgamation  barrels  used  by  Krohnke  at  Maquina  del  Cerro 
in  Copiap6,  Maquina  de  Potrero  Seco  and  Maquina  de  Puquios  in 
Atacama  and  Maquina  de  Amalgamacion,  Antofagasta,  contain  3  to  3*5 
tons  and  are  made  of  pitch-pine  boards  3  inches  thick.  They  are  6 
feet  long  and  5  feet  9  inches  in  diameter  in  the  clear,  and  are  bellied 
slightly  to  facilitate  the  removal  of  mercury.  Inside  these  vessels 
are  6  iron  bars  an  inch  in  diameter  and  parallel  to  the  longitudinal 
axis.  These  are  bolted  to  the  ends  of  the  rotating  vessels  and  sene 
to  break  up  the  amalgamation  charges.  In  their  stead  Krohnke 
has  used  wooden  beams,  6  inches  square,  with  success.  The  ends 
of  the  vessel  are  stayed  by  a  3-inch  beam  passing  through  the  middle 
of  the  vessel  and  fastened  at  each  end  to  two  stout  boards.  Each 
vessel  has  4  openings  with  cast-iron  rims :  two  of  them  5  inches  in 
diameter  serve  for  charging  in  the  ore,  the  other  two,  3  inches  in 
diameter,  serve  as  outlets  for  the  amalgam.  Iron  vessels  cannot  Ih» 
used  for  amalgamation,  since  iron  reduces  cuprous  chloride  to  copper. 
Copper  is  too  soft  for  the  purpose,  though  it  might  be  used  profitably 
with  rich  ores. 

When  lead  is  used,  the  vessels  make  3  revolutions  a  minute,  when 
zinc  is  used  they  make  from  5  to  6.  If  zinc  amalgam  be  added  to 
the  charge,  it  dissolves  immediately  in  the  mercury.  Sometimes  tho 
amalgamation  of  the  zinc  is  performed  in  the  vessel  itself.  In  this 
case   the  boiling  salt  solution  is   first   run  in,  then  the  merciur 
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and  the  zinc  are  added,  the  latter  in  sheets  as  thin  as  possible.  After 
about  10  or  15  minutes'  rotation  the  zinc  dissolves ;  the  cuprous 
chloride  solution  is  now  added,  the  ore  (3  tons)  charged  in,  and  the 
rotation  continued.  The  amalgam  should  have  the  consistency  of 
paste,  and  should  take  the  impression  of  a  dry  finger  quite  easily. 

Zinc  or  zinc  amalgam  is  used  in  the  case  of  rich  ores,  or  of  those 
which  contain  compounds  of  silver  difficult  to  decompose.  Lead  or 
lead  amalgam  is  preferable  when  the  ores  are  poor,  or  when  they 
contain  sulphide  or  halides  of  silver.  As  its  action  is  confined  to  its 
immediate  neighbourhood,  the  silver  liberated  passes  directly  into 
the  mercury,  and  no  opportunity  is  given  for  the  formation  of  isolated 
particles  of  silver.  Hence  amalgamation  with  lead  reaches  its  maxi- 
mum more  rapidly  than  zinc,  although  lead  stands  below  zinc  in 
the  table  of  tensions.  Under  like  conditions,  twice  the  time  is  taken 
for  amalgamation  when  zinc  is  used  as  is  taken  when  lead  is  used,  or 
twice  the  number  of  revolutions  per  minute  are  made  in  the  first  case 
as  in  the  second.  On  the  other  hand  the  loss  of  silver  is  2  to  3  per 
cent,  higher  for  lead  than  for  zinc.  The  lead  may  be  added  either 
as  ready-made  amalgam,  or  in  sheets  as  in  the  case  of  zinc ;  it 
dissolves  more  quickly  in  mercury  than  zinc. 

From  22  to  24  cwts.  of  salt  solution  and  cuprous  chloride  solution 
go  to  3  tons  of  ore.  The  average  strength  of  the  solution  is  8  per 
cent.,  and  the  salt  used  is  2*9  to  3*2  per  cent,  of  the  weight  of  ore. 
The  energy  required  for  the  rotation  of  a  vessel  holding  3  tons  of  ore 
and  the  corresponding  amount  of  solution  is  8  to  9  h.p.,  when  the 
apparatus  makes  4  to  6  rotations  a  minute.  The  extra  weight  on 
subsequently  filling  with  water  only  requires  an  additional  y\j-  h.p. 

The  coal  consumption,  including  washing  operations,  is  5  cwts. 
for  3  tons  of  ore.  Crushing  the  ore  requires  in  addition  10  cwts.,  and 
heating  the  salt  solutions  1  cwt.  The  total  consumption  may  be  put 
down  as  30  per  cent,  of  the  ore. 

Three  tons  of  ore  require  at  least  6  cwts.  of  mercury  for  amalga- 
mation; for  rich  ores  the  mercury  amounts  to  11  or  12  times  the 
weight  of  silver  in  the  ore.  Amalgamation  takes  up  from  4  to  6 
hours  when  zinc  amalgam  is  employed.,  and  2  to  3  hours  for  lead 
amalgam.  Great  care  must  be  taken  during  amalgamation  that  excess  of 
cuprous  chloride  is  present  and  that  some  remains  after  the  process  is 
complete,  otherwise  there  is  loss  of  silver,  some  being  retained  by  the 
residue.  Ores  with  about  0*5  per  cent,  of  silver  use  up  about  the 
same  weight  of  copper,  in  the  form  of  cuprous  salt,  as  there  is  silver 
in  the  ore;  the  zinc  consumption  is  40  to  55  per  cent.,  the  lead 
consumption  120  to  165  per  cent,  of  the  silver  content. 

When  the  amalgamation  is  complete,  the  vessel  is  filled  with  cold 
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water,  allowed  to  stand  some  time  and  then  rotated  firom  1  to  3  hours, 
quickly  at  first,  more  slowly  afterwards.  This  unites  the  scattered 
particles  of  mercury  into  the  amalgam.  The  barrels  are  emptied  in 
the  same  way  as  in  the  European  method  of  barrel-amalgamation. 

3.  Purification  of  the  Amalgam. 

The  amalgam  contains  copper  and  arsenic.  Krohnke's  methods 
for  removing  these  impurities  depend  on  the  reduction  of  sulphide 
and  chloride  of  silver  by  copper,  the  solubility  of  cuprous  chloride 
in  cupric  chloride  solution  and  hot  brine,  and  the  solubility  of  copper 
in  ammonia  when  air  is  present. 

The  first  method  is  carried  out  as  in  the  main  amalgamation 
process.  Ore,  hot  brine  and  cuprous  chloride  solution  (about  half 
the  quantity  used  in  the  main  process)  are  charged  into  the  rotating 
vessel,  along  with  more  or  less  semi-fluid  amalgam,  the  quantity  of 
this  depending  on  the  silver  content  of  the  ores :  no  zinc  or  lead  is 
added.  The  copper  in  the  amalgam  reduces  the  silver  sulphide  and 
chloride,  copper  sulphide  and  cuprous  chloride  being  formed.  The 
proper  proportion  between  the  silver  of  the  ore  and  the  copper  of 
the  amalgam  must  be  preserved  in  this  reaction.  If  copper  be  in 
excess  the  amalgam  retains  its  impurities,  and  if  silver  be  in  excess 
mercury  is  lost,  since  it  reduces  silver  chloride  and  is  itself  converted 
to  calomel.  The  calomel  so  produced  is  decomposed  by  the  brine  into 
corrosive  sublimate  and  mercury,  the  former  is  washed  away  in 
solution,  and  the  mercury  is  thrown  out  in  such  a  fine  state  of  sub- 
division that  it  is  carried  away  mechanically.  The  merit  of  the 
process  is  that  the  copper  is  recovered  in  the  form  of  cuprous  chloride, 
but  the  necessity  of  hitting  off  the  right  proportion  between  copper 
and  silver  constitutes  a  great  drawback. 

Purification  by  means  of  cupric  chloride  depends  on  the  reduc- 
tion of  the  cupric  salt  by  the  copper  to  cuprous  salt,  and  the 
solubility  of  this  in  brine.  This  process  is  performed  in  small 
revolving  casks  which  contain  the  amalgam  in  a  semi-fluid  condition, 
along  with  hot  brine,  copper  sulphate  and  a  little  sulphuric  acid. 
After  rotating  3  to  10  hours,  more  hot  brine  is  added,  the  rotation  is 
continued  a  few  hours  longer,  then  the  contents  are  allowed  to  settle, 
and  the  clear  liquor  is  drawn  oflf  and  used  for  amalgamating  ores.  At 
most  four  times  as  much  copper  sulphate  is  employed  as  there  is 
copper  in  the  amalgam,  the  theoretical  quantities  being  125  parts  of 
sulphate  and  31*6  parts  of  copper.  The  equation  expressing  the 
reaction  is : — 

CuSO^SHgO  +  Cu  +  2NaCl  =  Cu^Clg + Na^SO^-f  SH^O. 
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The  sulphuric  acid  present  hinders  the  formation  of  oxychloride  of 
copper  by  the  action  of  air  on  cuprous  chloride,  and  the  process  has 
the  advantage  over  the  previous  one,  that  mercuric  chloride  and 
finely  divided  quicksilver  are  not  produced. 

Purification  with  ammonia,  or  with  lime  and  ammonium  chloride, 
is  only  resorted  to  when  the  amalgam  contains  but  little  copper. 
There  is  no  loss  of  mercury  in  this  process,  but  it  has  the  disadvan- 
tage that  the  copper  solution  formed  cannot  be  profitably  used  for 
other  operations.  Furthermore,  the  reaction  ceases  as  soon  as  the  air 
in  the  casks  is  absorbed,  and  fi:esh  air  cannot  be  let  in  without 
cooling  the  solution. 

4.  Preparation  of  Silver  from  the  Amalgam. 

The  liquid  amalgam  is  separated  from  the  excess  of  mercury  by 
centrifugalising  it  in  a  strongly  made  apparatus  3  feet  in  diameter, 
which  is  fitted  with  a  6-inch  rim  of  perforated  sheet-iron,  over 
which  is  fastened  a  sheet  of  linen.  After  spinning  for  5  minutes 
at  the  rate  of  250  revolutions  a  minute,  the  amalgam  is  left 
quite  dry. 

The  rich  amalgam  is  pressed  in  cylindrical  cast-iron  moulds  and 
then  distilled  in  a  bell  retort,  and  the  residual  silver  refined  in  a 
reverberatory  furnace.  The  loss  of  silver  on  the  whole  process  is  2\ 
per  cent,  as  against  cupellation  assay.  The  loss  of  mercury  is  30  per 
cent,  of  the  yield  of  silver. 

For  the  working  of  8  tons  of  ore  every  24  hours,  2  Chilian  mills 
are  required  using  6  horse-power,  2  slime  reservoirs,  2  amalgama- 
ting barrels  requiring  8  horse-power,  a  vat  for  washing  the  amalgam, 
a  vat  for  collecting  the  floured  mercury,  a  vat  and  steam  boiler  for 
preparing  the  cuprous  chloride  solution,  2  vats  for  dissolving  the 
copper  sulphate,  and  a  cement  tank  for  the  preparation  of  the  salt 
solution,  with  boilers  for  supplying  steam  to  the  same. 

The  Patio  Process 

In  this  process,  which  is  also  known  as  American  heap-amalgama- 
tion, the  finely  crushed  and  moistened  ore  is  made  up  into  heaps 
after  being  intimately  mixed  with  salt,  copper  sulphate  and  mercury, 
and  in  the  reactions  which  take  place  the  greater  part  of  the  silver, 
whether  present  as  simple  sulphide,  as  mixed  sulphides  or  as  a 
sulph-arsenide,  or  sulph-antimonide,  is  converted  into  silver  amalgam. 
The  amalgam  is  separated  by  washing,  and  is  filtered,  pressed  and 
distilled. 

Though  the  actual  chemical  reactions  occurring  in  the  process 
and  the  extent  to  which    they  take   place  may  not   be   accurately 
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known,  yet  this  much  is  certain,  that  salt  and  copper  sulphate  react, 
forming  sodium  sulphate  and  cupric  chloride.  The  copper  chloride 
to  a  certain  extent  chloridises  the  silver  in  simple  and  complex 
sulphur  compounds,  and  is  partly  reduced  to  cuprous  chloride  by  the 
action  of  metallic  silver,  mercury,  copper  or  cuprous  sulphide. 
This  cuprous  chloride  dissolves  in  salt  solution  as  in  the  Krohnke 
process  and  partly  acts  as  a  chloridising  agent  on  the  silver  sulphide 
or  on  the  mixed  sulphides  or  on  silver  itself,  and  partly  reduces  metallic 
silver  in  the  presence  of  mercury  from  silver  sulphide  or  mixed  sul- 
phides. The  chloride  of  silver  thus  formed  is  then  decomposed  by 
mercury  with  the  production  of  mercurous  chloride.  Metallic  mer- 
cury also  reduces  silver  from  some  of  the  silver  sulphide  with  the 
formation  of  mercuric  sulphide.  The  separated  silver,  as  well  as  any 
native  silver  present,  is  then  taken  up  by  the  excess  of  mercun- 
present,  forming  silver  amalgam. 

The  Patio  process  was  first  introduced  and  worked  on  a  large  scale 
in  1557  in  Mexico  by  Bartolom^  de  Medina,  a  miner  of  Pachuca.  It  was 
introduced  into  Potosi  in  Peru  in  1571  by  Pedro  Fernandez  de  Velasco. 
According  to  a  report  by  Luis  Berrio  de  Montalvo,  addressed  to  the 
Viceroy  of  Mexico,  and  printed  in  Mexico  in  1643,  Medina  derived 
his  information,  that  silver  could  be  obtained  fix)m  its  ores  by  means 
of  mercury  and  salt,  from  Spain.  Indeed,  a  similar  process  was 
known  in  Europe  before  this  time,  as  in  a  treatise  by  Biringuccio, 
published  in  Venice  in  1540  under  the  title  De  la  FyrotetJiMtea,  it 
is  stated  that  silver  could  be  obtained  from  its  ores  in  the  wet  way 
by  the  action  of  sulphate  of  iron,  verdigris,  mercuric  chloride,  salt 
and  vinegar. 

The  Patio  process  is  extensively  used  in  [Mexico,  and  is  still  in 
use  at  various  South  American  works.  Though  the  extraction  of 
silver  by  its  means  is  slow  and  is  attended  with  considerable  loss  of 
mercury,  yet  it  possesses  the  advantage  that  the  amalgam  can  be 
obtained  without  the  expenditure  of  any  fuel,  by  using  animal  power 
only.  Consequently  it  is  the  only  method  which  can  be  successfully 
used  in  many  places  in  hot  climates,  where,  as  in  many  districts  in 
Mexico,  there  are  no  easy  means  of  communication,  and  where  fuel 
is  excessively  costly.  Until  a  few  years  ago,  three-fourths  of  the 
silver  produced  in  Mexico  was  obtained  by  this  method,  though  there 
is  no  doubt  that,  as  better  means  of  communication  are  introduced, 
the  Patio  process  will  gradually  be  replaced  by  the  pan-amalgamation 
process,  or,  where  lead  ores  are  present,  by  smelting  processes. 

Two  essential  points  in  the  conduct  of  this  process  are,  that  the 
ores  should  be  of  a  proper  kind,  and  that  they  should  be  in  a  state  of 
the  finest  possible  division. 
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The  most  suitable  ores  are  those  which  contain  native  silver  and 
silver  sulphide,  and  are  free  from  iron  and  copper  pyrites,  boumonite, 
galena  and  blende.  The  silver  glance  must  be  present  in  a  finely- 
divided  condition,  as  otherwise  it  would  be  beaten  out  into  thin 
plates  in  the  crushing  process  on  account  of  its  malleability,  and  such 
plates  would  not  be  readily  amalgamated. 

Next  in  order  of  suitability  come  the  compounds  of  silver  sulphide 
with  other  metallic  sulphides — pyrargyrite,  stephanite,  polybasite, 
proustite,  the  latter  being  more  difficult  to  work  than  pyrargyrite. 
Argentiferous  mispickel  and  arsenical  fahl-ore  are  not  suitable  for 
the  process,  neither  are  argentiferous  galena,  blende,  and  boumonite, 
zinc  blende  decomposing  cupric  chloride  with  the  production  of  zinc 
chloride  and  copper  sulphide. 

Only  such  argentiferous  copper  and  iron  pyrites  can  be  worked 
as  are  capable  of  oxidation  by  long  exposure  to  the  air,  after  having 
been  moistened  with  salt  solution. 

Native  horn  silver  is  much  more  difficult  to  amalgamate  than 
ai-tificial  silver  chloride,  and  this  holds  especially  in  the  case  of  native 
bromide  and  iodide.  Ores  containing  haloid  salts  of  silver  are  in 
consequence  not  treated  by  the  Patio  process,  but  by  the  Cazo  or 
Fondon  process  previously  described. 

As  regards  the  amount  of  silver  in  the  ores,  those  containing 
0*1  per  cent,  of  metal  can  still  be  remuneratively  worked  in  Mexico ; 
the  richer  ores  treated  by  it  contain  0*3  per  cent,  of  silver. 

In  many  cases,  pyritic  ores  or  those  carrying,  blende  are  previously 
calcined,  in  order  to  secure  a  better  amalgamation.  Arsenical  and 
antimonial  ores  must  not  be  roasted,  as  arseniates  and  antimoniates, 
both  difficultly  amalgamable  silver  salts,  are  thereby  produced. 

The  Patio  process  comprises  four  operations  : — 

1.  The  crushing  of  the  ores. 

2.  The  treatment  of  the  powdered  ore  in  the  Patio. 

3.  The  separation  of  the  amalgam  produced. 

4.  The  treatment  of  the  amalgam. 

1.  The  Crushing  of  the  Ores. 

The  ores  undergo  a  preliminary  crushing  in  Chilian  mills,  stamps, 
rolls,  or  rock  breakers,  and  are  afterwards  reduced  to  powder  in 
an^astras.  Where  the  ore  is  auriferous,  mercury  is  added  to  the 
contents  of  the  an^astra,  in  order  to  collect  the  gold  and  any  native 
silver  that  may  be  present. 

The  crushing  is  usually  carried  out  by  means  of  edge  runners 
(Chilian  mills),  stamps,  or  more  rarely  by  crushing-rolls.     The  old 
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Chilian  mills  had  a  cylindrical  wheel-shaped  granite  runner,  6  feet 
in  diameter  and  16  inches  broad,  weighing  3  or  4  tons. 
This  was  fastened  to  a  horizontal  arm  connected  with  a  vertical  shaft, 
driven  by  mule  power,  and  revolved  on  a  bed  of  hard  stone.  The 
later  forms  have  cast-iron  rollers,  with  rim  and  bed  plate  of  steel, 
and  are  driven  by  horses,  mules,  or  by  water  or  steam  power.  The 
rollers  of  such  mills  are  5  feet  4  inches  in  diameter  and  15 
inches  broad,  with  an  iron  or  steel  rim  4  inches  thick,  their  con- 
struction being  shown  in  Fig.  535. 

The  ore  is  usually  crushed  in  the  dry  condition.  If  stamps  or 
rolls  are  used  they  are  of  the  ordinary  type,  driven  either  by  water  or 
steam  power. 

At  Fresnillo,  in  Mexico,  rolls  worked  by  steam  are  used  instead 
of  stamps,  the  upper  rolls  being  18  inches  long  and  22^  inches 
diameter,  whilst  the  lower  rolls  are  equal  in  length  and  27  J  inches  in 
diameter. 

The  crushed  ore  is  then  finely  powdered  in  arrastras,  the  con- 
struction of  which  has  been  previously  described.     In  spite  of  the 

drawback  of  their  very  slow 
working,  no  substitute  for 
them  has  up  to  the  present 
been  found;  and  this  part  of 
the  operation  is  of  the  greatest 
importance,  as  the  yield  of 
silver  depends  essentially  upon 
the  degree  of  fineness  to  which 
the  ore  is  crushed. 

The  floor  of  the  arra^ira, 
which  varies  fi'om  10  to  13 
feet  in  diameter,  is  composed 
of  hewn  blocks  of  hard  stone, 
usually  quartz  porphyry,  6  to 
8  inches  thick,  set  on  edge,  the 
spaces  between  them  being 
filled  with  sand  or  cement 
Such  a  bottom  lasts  about  12 
months,  and  it  is  surrounded  by  a  rim  of  flat  stones  6  to  8  inches 
thick,  projecting  to  a  height  of  2  feet  above  the  bottom.  In  the 
centre  of  the  arrastra  is  a  large  pyramidal  stone  with  a  hole  in  its 
upper  end.  In  the  latter  fits  the  pivot  of  a  vertical  shaft  with  either 
two  or  four  horizontal  arms,  supported  at  its  upper  end  by  a  hori- 
zontal beam.  Fastened  by  chains  or  leather  thongs  to  each  of  these 
horizontal  arms  are  the  grinding  stones  (voladoras),  one  or  sometimes 
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two  to  each  arm,  so  that  when  the  latter  revolve  the  voladoraa  are 
dragged  over  the  floor  of  the  arrastra.  The  stones  are  rectangular 
blocks  of  quartz  porphyry  weighing  from  6  to  12  cwts.,  and  they 
are  fastened  in  such  a  way  that  their  front  lower  edges  are  about  2 
inches  from  the  ground,  the  hinder  end  rubbing  on  the  paved  bed. 
These  stones  last  from  one  to  three  months.  The  armstras  are 
worked  by  horses,  mules,  or  by  water  or  ste^m  power. 

The  older  form  of  arrastra  driven  by  mules  is  shown  in  Figs. 
536  and  537  on  a  scale  of  y^^ ;  a  are  the  bottom  stones  and  6  the 
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raised  ones  forming  the  rim,  c  the  vertical  shaft,  resting  on  the  stone 
/  and  supported  by  the  horizontal  beam  d.  To  each  of  the  four  arms, 
two  only  of  which  are  shown  in  the  drawing,  the  stones  k  are 
fastened  by  chains,  and  the  mules  are  yoked  on  to  the  long  arm  x, 
from  one  to  six  animals  being  employed,  according  to  the  size  of  the 
arrojstra. 

An  arrastra  driven  by  a  horizontal  water  wheel  is  shown  in  Figs. 
538  and  539/  a  being  the  wheel  which  surrounds  the  arrastra,  con- 
nected to  the  vertical  shaft  of  the  same  by  means  of  the  arms  z  and 

1  Engineering^  1884,  37,  p.  518. 
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the  connecting  pieces  t.  Through  the  spout  b,  which  has  a  slope  of 
8  inches  in  a  length  of  llj  to  15  feet,  a  stream  of  water  is  directed 
on  to  the  buckets  of  the  wheel.  If  the  arrastra  is  10  feet  in 
diameter  it  will  occupy  a  space  23  feet  in  diameter,  its  water  wheel 
being  20  feet  in  diameter  and  2  feet  broad.  A  mill  10  feet  in 
diameter  can  grind  8  to  12  cwts.  of  soft  ores  in  24  hours,  whilst  14  to 
16  cwts.  of  hard  ores  can  be  finely  ground  in  3  days,  but  such  a 
mill  can,  of  course,  only  be  used  where  a  considerable  water  supply  is 
available. 

At   Chihuahua,   in  Mexico,  a  similar  water  wheel  works  both 
the   stamps   and    the   aii-aslra.      In  some   places   overshot   wheels. 


connected  with  the  mill  by  wooden  gearing,  furnish  the  motive 
power. 

A  set  of  steam-driven  arrastras  made  by  Fraser  and  Chalment, 
Ltd.,  of  Chicago,  is  illustrated  in  Figs.  540  and  541.  The  arroitras 
themselves  are  from  13  to  23  feet  in  diameter,  and  the  granite  grind- 
ing stones  in  them  weigh  5  to  12  tons.  Corliss  engines  are  used  for 
driving. 

A  similar  plant  has  been  erected  at  the  works  of  the  Edward 
Morrison  Consolidated  Mining  Co.  at  Zacatecas,  in  Mexico,  the  ores 
being  firet  broken  in  rock  breakers,  then  passed  through  rolls,  and 
lastly  ground  in  the  arrastras.  The  latter  are  13  feet  in  diameter, 
and  each  requires  6  horse-power,  their  capacity  varying  from  6  to  10 
tons  in  the  24  hours,  at-cording  to  the  nature  of  the  ores. 
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In  the  arrastras  the  ore  is  ground  in  presence  of  water,  from  31 
to  42  cubic  feet  of  water  being  required  for  8  to  12  cwta,  of  ore.  The 
ore  is  introduced  by  degrecH,  sufficient  water  being  added  to  each 
portion  to  convert  the  mass  into  a  thin  mud.  The  entire  charge  ia 
ground  with  the  mill-stones  making  at  Brat  6  revolutions  per  minute, 
increased  as  the  ore  gets  finer  to  10  revolutions,  unti!  it  feels  slimy 
when  rubbed  between  the  fingers.  The  ground  ore  is  then  removed 
from  the  arrattra  and  transferred  to  the  amalgamating  floor  or  patio. 


With  arra^ras  workwl  by  niuKs,  from  6  to  15  cwts,  can  be  ground  in 
24  hours,  depending  upon  the  hardness  of  the  ore  and  the  size  of 
the  aTTaxtra, 

If  native  silver  or  gold  is  present,  mercury  is  added  during  the 
grinding  process  in  order  to  collect  these  metals,  as  has  already  been 
described  under  direct  amalgamation. 

In  rare  cases  the  ground  ore  is  washed  before  being  amalgamated, 
with  the  object  of  separating  the  horn  silver  from  the  sulphides,  the 
former  being  treated  by  the  Cazo  process,  and  the  latter  going  to 
the  patio  amalgamation  process. 
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2.  Amalgamation  of  the  Ground  Ore  in  th«  Patio. 

The  ground  ore  from  the  arrastras  is  in  the  form  of  thin  mud,  and 
is  termed  lavia.  It  is  first  put  on  the  amalgamating  floor  or  patio, 
in  smaller  heaps,  so  that  it  may  dry  to  a  certain  extent,  and  then  it  is 
made  up  into  the  amalgamation  heaps  or  tm-tas.  The  patio  consists 
of  a  spacious  courtyard  paved  with  special  care,  so  as  to  make  it  as 
impervious  as  possible  to  mercury.  Cement  and  asphalt  have  been 
used  for  this  purpose,  and  the  floors  have  even  been  made  of  timbtni 
carefully  fitted  into  each  other ;  but,  as  a  rule,  careful  paving  alone  is 
depended  on.  The  patio  slopes  slightly  towards  one  side,  so  that  any 
water  draining  from  the  heaps  may  flow  away.  In  small  patios  the 
twtas  are  sometimes  surrounded  with  a  barrier  of  sand  or  with 
wooden  planks  to  confine  the  contents  of  the  heaps,  which  in  larger 
works  are  spread  on  circular  walled  spaces  known  as  cnjetes  or 
lameros. 

After  the  water  has  drained  away  and  evaporated,  so  as  to  leave 
the  mass  of  the  consistence  of  thick  mud — which  is  the  case  after  a 
few  days — it  is  made  up  into  the  proper  amalgamation  heaps  or  tartas 
(torta,  a  cake). 

As  the  ore  mass  is  not  yet  very  consistent,  the  torta  has  to  bo 
confined  by  pieces  of  timber  arranged  round  it,  or  by  large  stones,  the 
joints  being  made  tight  with 
clay  or  dung.  The  toi-ta  h.is 
now  the  shape  of  a  large 
flat  round  cake,  the  thick- 
ness of  the  layer  vailing 
from  G  to  12  inches,  and  the 
diameter  from  23  to  50  feet. 
From  50  to  100  or  even 
150  tons  of  ore  are  con- 
tained in  each  torta,  the 
appearance  of  a  patio  with 
Fio.  MS.  its     several     tortas     being 

shown  in  Fig.  542. 
Twenty-four  hours,  at  the  latest,  after  the  torta  has  been  made, 
the  treatment  with  reagents  is  begun,  salt  being  added  first,  then 
bodies  containing  copper  sulphate  and  known  as  magiatral,  and  then 
mercury,  the  mercurj'  either  being  added  with  the  magiUral  or 
immediately  after  it. 

If  procurable,  salt  is  added  in  the  purest  possible  state ;  but  in 
various  places  in  Mexico,  where  the  price  of  pare  salt  is  too  high,  an 
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impure  salt,  made  by  extracting  the  residues  left  after  the  evapora- 
tion of  inland  lakes,  and  known  as  mltierra^  is  used  instead.  Such 
salt  contains  from  70  to  90  per  cent,  of  sodium  chloride  and  10  to  15 
per  cent,  of  sodium  carbonate. 

Either  pure  blue  vitriol  is  used  or  the  older  magistral  produced  in 
Mexico  by  roasting  copper  pyrites. in  double-hearbhed  reverberatory 
furnaces  or  comalillos,  whereby  some  of  the  copper  is  converted  into 
sulphate.  The  following  analyses  show  how  the  magistral  varies  in 
composition  according  to  the  nature  of  the  ore,  and  the  care  bestowed 
on  it  during  the  roasting  operation : — 

Poor  Magistral.      Best  Ma^jiMraX. 

Copper  sulphate 903  1900 

Copper  oxide 50  5*5 

Ferric  sulphate      ...                    6*75  14*8 

Ferric  oxide 1875  258 

Insoluble  matter 60*47  34*9 

In  default  of  sulphuretted  ores  of  copper,  copper  sulphate  can  be 
made  by  roasting  ores  containing  carbonate  or  oxide  of  copper  with 
pyrites,  or  by  treating  such  ores  with  ferric  or  aluminium  sulphate 
or  easily  disintegrated  pyrites.  Thus,  in  Chili  and  Peru,  the  copper 
sulphate  is  made  by  treating  a  naturally  occurring  sulphate  of  iron 
with  copper  oxide.  Calcined  pyrites  has  also  been  used  instead  of  the 
copper  salt,  but  the  extraction  by  the  iron  sulphate  thus  obtained  is 
very  imperfect  and  does  not  amount  to  more  than  half  of  the  silver 
in  the  ore.  Owing  to  the  comparatively  small  amount  of  copper 
sulphate  in  magistral^  the  latter  has  in  many  cases  been  recently 
replaced  by  pure  copper  sulphate. 

The  quantity  of  salt  added  to  the  torta  varies  from  2  to  5  per 
cent,  of  the  weight  of  the  ore,  the  larger  the  amount  the  better  for 
the  amalgamation,  as  the  silver  and  cuprous  chlorides,  formed  in  the 
process,  are  soluble  in  salt  solution.  Ores  with  009  to  01  per  cent, 
of  silver  receive  an  addition  of  4  per  cent. ;  ores  with  013  to  0  23 
per  cent,  of  silver,  4  J  per  cent,  of  salt. 

The  salt  is  strewn  over  the  surface  of  the  torta  as  evenly  as 
possible  and  then  shovelled  into  the  mass,  after  which  the  heap  is 
trodden  by  mules  and  horses  in  order  to  ensure  intimate  admixture. 
From  8  to  25  mules  are  used,  a  60- ton  torta  requiring  16,  and  a 
100- ton  torta  25  mules.^ 

^  Laur,    "M^taUurgie  de  T Argent  au  Mexique,'*  Ann,  des  MiiieSy    series    6, 
vol.  XX.  p.  65. 
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The  condition  of  the  ore  mud  during  this  trituration  must  be  such 
that  the  animals'  feet  can  tread  through  it  to  the  paved  floor  and  can 
also  easily  be  withdrawn,  whilst  the  holes  left  by  their  hoofs  must 
only  be  effaced  after  the  lapse  of  some  seconds.  The  torta  is  trodden 
for  some  hours  at  intervals  of  several  hours  throughout  the  day,  and 
whilst  the  mules  are  resting  the  Jieap  is  turned  over  with  shovels. 
The  next  morning  the  heap  is  again  subjected  to  further  treading 
and  is  further  mixed  with  shovels,  when  the  salt  will  be  sufficiently 
mixed  with  the  ore.  This  operation  is  termed  repaso.  As  the  tread- 
ing is  very  exhausting  for  the  animals,  many  attempts  have  been 
made  to  replace  it  by  mechanical  mixing,  as,  for  instance,  by  employ- 
ing weighted  rollers  fastened  to  horizontal  arms  connected  to  a 
vertical  shaft.  The  shaft  may  be  turned  by  mules  walking  round 
the  edge  of  the  torta,  and  by  means  of  gearing  the  rollers  can  be 
made  to  pass  over  every  portion  of  the  heap,  but  such  contrivances 
have  proved  uniformly  unsuccessful. 

After  the  mixing  of  the  salt,  the  next  operation  is  the  ificorporalioii 
of  the  magistral  or  copper  sulphate,  the  mercury  being  rarely  added 
until  afterwards.  The  amount  of  magistral  used  depends  upon  its 
percentage  of  copper  sulphate  and  upon  the  nature  of  the  ores,  being 
usually  between  J  and  2  per  cent,  of  the  weight  of  the  ore.  Only 
exceptionally,  as  at  Zacatecas,  where  the  ores  contain  much  pyrites, 
does  the  quantity  rise  to  6*5  per  cent.  If  blue  vitriol  is  used,  0*2  to 
0*25  per  cent,  of  the  weight  of  the  ore  is  added  with  ores  carrying 
0*09  to  01 9  per  cent,  of  silver. 

The  magistral  or  copper  sulphate  is  spread  as  evenly  as  possible 
over  the  surface  of  the  mass  and  mixed  in  with  wooden  shovels,  the 
mass  being  then  subjected  to  a  further  treading  or  repaso.  The  taria 
becomes  warm  owing  to  the  reaction  between  the  copper  sulphate  and 
salt,  and  becomes  darker  and  more  porous. 

In  most  works  the  mercury  is  added  immediately  after  the  incor- 
poration of  the  magistral,  that  is,  where  it  has  not  been  added  with  the 
magistral.  The  method  of  allowing  the  torta  to  stand  for  some  days 
after  the  magistral  has  been  added,  before  adding  the  mercury,  with 
a  view  of  giving  more  time  for  the  copper  chloride  to  form  silver 
chloride,  has  not  proved  a  success  and  has  been  abandoned,  the  yield 
of  silver  being  very  much  smaller  than  where  the  mercury  is  added 
immediately  after  the  incorporation  of  the  magistral.  The  reasons 
are,  that  the  native  silver  present  is  amalgamated  by  the  mercun* 
alone,  and  the  more  perfectly  the  longer  it  is  in  contact  with  it ;  that 
owing  to  the  mutual  reaction  between  the  magistral  and  salt,  con- 
siderable amounts  of  cupric  and  ferric  chlorides  are  produced,  which, 
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when  in  excess,  convert  the  mercury  into  mercurons  chloride ;  and  that 
the  chief  reactions  in  the  torta  only  begin  after  the  addition  of 
mercury.  The  real  decomposition  of  the  silver  compounds  should 
only  take  place,  therefore,  after  the  mercury  has  been  added. 

From  6  to  8  times  the  amount  of  silver  present  in  the  ore  repre- 
sents in  general  the  quantity  of  mercury  added,  though  at  Zacatecas, 
according  to  Clement,  the  mercury  added  is  only  3  times  the  weight 
of  the  silver  present.  At  many  works  §  of  the  total  amount  of  mercury 
is  first  added,  at  others  f  of  the  amount,  and  at  other  works  consider- 
ably less  than  §,  the  rest  of  the  mercury  being  added  as  required. 

The  mercury  is  scattered  over  the  surface  of  the  torta  in  the  form 
of  exceedingly  fine  globules,  the  mercury  being  put  in  a  bag  of  sail- 
cloth holding  about  9  or  12  lbs.,  which  is  carried  by  a  man  walking 
over  the  heap,  when  the  mercury  finds  its  way  through  the  cloth  as  a 
fine  rain.  Immediately  after  the  addition  of  the  mercury  the  mass  is 
again  trodden  by  mules,  and  mixed  with  shovels  when  the  mules 
are  resting.  The  mules  for  this  operation  are  never  more  than  8  in 
number,  yoked  together  in  fours,  and  driven  by  a  man  standing  in 
the  centre  of  the  torta  in  such  a  way  that  they  are  made  to  cover 
every  part  of  the  heap.  A  further  addition  of  magistral  or  copper 
sulphate  is  made  and  trodden  in,  or  sometimes  a  hot  solution  of 
copper  sulphate  after  the  treading  in  of  the  mercury,  the  amount  to  be 
added  being  decided  by  the  amalgamation  master.  Samples  are  taken 
by  the  latter  several  times  in  the  day  and  tested  in  order  to  ascertain 
what  additions  should  be  made,  and  what  the  duration  of  the  next 
treading  or  repaso  should  be.  As  a  rule,  the  torta  is  trodden  several 
times  a  day  in  order  to  expose  fi'esh  surfaces  of  the  silver  to  the  action 
of  the  mercury,  as  otherwise  the  silver  becomes  coated  with  a  layer 
of  silver  amalgam  which  hinders  the  further  action  of  the  mercury. 

The  treatment  of  the  torta  lasts  from  3  to  6  weeks,  according  to 
the  character  of  the  ore,  the  manner  of  working,  the  prevailing 
weather,  and  the  skill  of  the  amalgamation  master,  but  in  unfavour- 
able circumstances  it  may  last  for  some  months.  The  amalgamation 
is  considered  to  be  finished  when  at  least  75  per  cent,  of  the  silver 
contents  of  the  torta  have  been  extracted.  In  the  ordinarv  course  of 
working,  the  amalgamation  proceeds  more  quickly  in  the  first  few 
days  than  at  a  later  period ;  for  instance,  silver  assays  made  on  a 
to7ia  at  Guanaxuato  in  Mexico,  showed  that  after  12  days  the 
amalgam  contained  9279  per  cent,  of  the  silver  obtained  ultimately, 
after  25  days  97*55  per  cent.,  after  28  days  991  per  cent,  and  100 
per  cent,  at  the  end  of  33  days.^ 

^  Laur,  op.  cit, 
VOL.  1  3   D 
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The  assay  samples  from  which  the  amalgamation  master  forms 
his  estimates  of  the  various  reagents  required  by  the  torta,  are  usually 
taken  three  times  a  day  from  different  portions  of  the  heap  by  means 
of  a  horn  spoon,  about  half  a  pound  being  taken  for  each  sample. 
This  is  washed  in  a  horn  spoon  or  earthenware  bowl  (platillo)  7  inches 
in  diameter,  and  f  of  an  inch  deep.  A  rotary  movement  is  imparted 
to  the  bowl  in  the  washing  process,  the  lighter  portions  of  ore 
being  washed  away,  the  heavier  portions  forming  concentric  rings, 
according  to  their  specific  gravity,  at  the  bottom  of  the  bowL  In  the 
centre  is  the  mercury  unaltered,  then  follows  a  ring  of  amalgam 
(cefa),  then  a  ring  of  undecomposed  black  silver  sulphide,  then  a 
ring  of  pyrites,  and  lastly  one  of  Jloured  mercury.  If  the  mercury 
seems  dull  and  of  a  lead-grey  colour,  the  torta  contains  too  much 
magistral  or  is  said  to  be  too  hot  (caliente),  and  there  has  been  too 
much  cupric  or  ferric  chloride  formed,  leading  to  loss  of  mercury  owing 
to  the  formation  of  calomel.  In  such  cases  the  torta  is  either  allowed 
to  remain  at  rest  for  several  days  or  else  wood  ashes,  lime  or  precipitated 
cement  copper  are  added.  Wood  ashes  and  lime  precipitate  car- 
bonates or  hydrates  from  the  magistral  or  the  chlorides  present,  whilst 
copper  reduces  cupric  or  ferric  chloride  to  cuprous  or  ferrous  chloride 
respectively.     Zinc  and  iron  act  in  a  similar  way  to  copper. 

If  the  mercuiy  is  very  bright  and  quite  unattacked,  or  possesses 
a  tinge  of  yellow,  the  operation  is  proceeding  too  slowly,  and  the 
torta  is  said  to  be  too  cold  (Jrio\  The  reactions  are  then  hastened 
by  further  treading  or  by  the  addition  of  more  salt  and  magistral  and 
subsequent  treading. 

In  normal  working,  the  amalgam  (limadura  de  plata)  should  be  in 
the  form  of  thin  scales,  which  can  easily  be  separated  fit)m  the 
mercury  which  drains  from  it,  and  which  can  be  pressed  by  the  fingers 
into  a  dry  mass  (pasilla).  If  it  can  be  completely  divided  by  the  fingers 
into  little  drops,  the  action  has  not  proceeded  fer  enough  and  the 
amalgam  is  too  poor  in  silver,  and  if  on  the  contrary  it  forms  hard 
lumps  which  do  not  yield  liquid  mercury  on  pressing,  it  is  too  con- 
centrated (fuerte).  In  this  case,  there  is  too  little  mercury  in  the 
torta  and  more  must  be  added. 

These  appearances  vary  with  different  ores  and  in  different 
localities,  and  are  not  always  to  be  relied  on.  In  certain  cases,  in 
spite  of  the  favourable  indications  given  by  the  amalgam,  the  process 
does  not  proceed  properly  in  the  torta,  and  in  these  cases  in  warm 
weather,  additions  of  salt  are  usually  required.  The  most  reliable 
method  of  testing  the  progress  of  the  operation  is  to  determine  by 
assay  the  amount  of  silver  still  remaining  in  the  ore. 
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The  operation  is  not  only  dependent  upon  the  additions  of  the 
proper  amount  of  the  reagents,  but  is  also  dependent  upon  the  tem- 
perature and  the  prevailing  weather.  A  high  temperature  hastens  the 
amalgamation  and  a  low  temperature  retards  it,  the  process  ceasing 
entirely  if  the  temperature  falls  to  the  freezing  point.  Falls  of  rain 
dilute  the  salt  solutions  in  the  torta  and  render  further  additions  of 
magistral  necessary. 

In  cold  districts,  heating  the  mass  has  been  practised,  the  torta, 
after  about  half  its  silver  has  been  amalgamated,  being  brought  into 
a  chamber  with  flues  under  the  floor.  In  this  room  (estufa),  the  torta 
is  heated  for  three  days  and  then  taken  and  spread  again  on  the 
patio,  where  the  amalgamation  is  finished.  The  yield  of  silver  is 
increased  in  this  way,  but  there  is  such  a  considerable  loss  of 
mercury  that  the  process  has  been  abandoned. 

When  the  amalgamation  in  the  torta  is  finished,  more  mercury  is 
added  to  it  and  trodden  in  with  the  mass,  so  as  to  render  the  amalgam 
more  fluid  and  to  collect  it  together.  After  this  the  torta  is  washed 
without  delay  in  order  to  separate  the  mercury  and  amalgam  fi:-om 
the  remaining  earthy  portions  of  the  ore. 

If  the  torta  is  allowed  to  stand  before  washing,  some  loss  of  silver 
may  take  place,  owing  to  the  production  of  very  finely-divided 
amalgam  (desecho)  arising  frora  the  action  of  copper  sulphate.^ 

T/ie  Chemical  Beactions  in  the  Torta 

As  already  stated  at  the  beginning  of  the  chapter,  the  chemical 
reactions  of  the  Patio  process  are  not  known  with  absolute  certainty, 
and  there  is  still  a  large  field  open  for  chemical  research.  Though  a 
number  of  the  reactions  have  been  ascertained  through  the  researches 
of  Karsten,  Boussingault,^  Grtitzner,*  Bo  wring,  Uslar,  Laur,  Huntington 
and  Eammelsberg,*  there  are  still  considerable  differences  in  their 
views  as  to  the  manner  and  the  degree  in  which  these  reactions 
proceed  in  the  torta.  Particularly  are  their  views  divided  upon  the 
questions  as  to  whether  the  formation  of  silver  chloride  takes  place  to 
any  great  extent  or  not,  whether  cupric  or  cuprous  chloride  plays  the 
chief  part  in  its  formation,  and  whether  the  copper  oxychloride 
produced  fix)m  the  cuprous  chloride  plays  an  essential  part  in  the 
decomposition  of  the  ores. 

^  Egleston,  SUver,  Gold,  and  Mercury ,  i.  p.  298. 
«  Ann.  Chim.  Phys.  51,  p.  337  (1834). 
'  Griitzner,  Die  AtiguslirVsche  Silber  Extractiont  1851. 

*  Percy-RammelBberg,  *'Metallurgie  des  Silber  und  des  Golde8,"Pre««j».  Minist.- 
Zeitschr.  Bd.  29,  b.  191. 
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The  following  reactions  may  be  taken  as  having  been  clearly 
proved : — 

1.  Copper  sulphate  and  sodium  chloride  mutually  react  in  the 
patiOy  forming  cupric  chloride  and  sodium  sulphate,  thus : — 

CuSO,+.2NaCUNa2SO^+CuClj.    . 

2.  Cupric  chloride  is  converted  into  cuprous  chloride  by  the 
action  of  mercury  or  of  native  silver  present  in  the  ore,  according  to 
the  equations : — 

2CuCl2 + 2Hg  =  Cu,Cl2 + Hg,Cl„ 
2CuClj + 2  Ag = 2  AgCl  +  Cu^Clg, 

Copper  or  cuprous  sulphide  present  in  the  torta  also  converts  cupric 
chloride  into  the  cuprous  salt,  and  cuprous  chloride  is  formed  as  the 
result  of  the  action  of  ferrous  chloride  upon  cupric  oxide,  both  of 
which  bodies  may  be  present.  According  to  Rammelsberg's  later 
researches  the  idea  that  cuprous  chloride  is  formed  by  the  action  of 
silver  sulphide  on  cupric  chloride  is  erroneous,  cupric  sulphide  only 
being  formed  according  to  the  equation  : — 

AgjS  +  CuCljj  =  2  AgCl + CuS. 

3.  Silver  sulphide  is  converted  into  silver  chloride  by  the  action 
of  both  cupric  and  cuprous  chlorides. 

Cupric  chloride  reacts  with  silver  sulphide  in  this  way : — 

AggS + CuClj = 2  AgCl  +  CuS. 

Cuprous  chloride  dissolved  in  salt  solution,  reacts,  according  to  the 
most  recent  of  Rammelsberg's  researches,  upon  silver  sulphide  in  such 
a  way  that  the  products  are  silver  chloride,  cupric  sulphide  and 
metallic  copper,  according  to  the  equation : — 

AggS  +  CugClg  =  2  AgCl  +  CuS + Cu. 

Rammelsberg's  researches  agree  with  those  of  Boussingault  with 
this  difference,  that  the  latter  considers  that  cuprous  sulphide  is 
formed  as  follows  : — 

Ag2S  f  CujClj  =  2AgCl  +  CujS. 

According  to  Laur's  researches,  the  reaction  between  cuprous 
chloride  and  silver  sulphide  in  presence  of  mercury  gives  rise  to  no 
silver  chloride,  the  silver  being  liberated  in  the  metallic  state  with 
the  simultaneous  formation  of  cupric  sulphide  and  chloride,  in  this 
way: — 

AggS  +  Cu2Cl2,NaCl  =  CuS  +  2Ag + CuCl2,NaCl. 
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4.  Silver  sulphide,  present  in  mixed  sulphides  such  as  sulph- 
antimonides  or  sulph-arsenides  of  silver,  is  decomposed  by  cupric 
chloride  with  the  formation  of  silver  chloride,  or  by  cuprous  chloride 
with  production  of  silver  chloride,  or  a  mixture  of  silver  chloride  and 
metallic  silver.  According  to  Bammelsberg,  cupric  chloride  acts  upon 
proustite  in  this  manner : — 

4  AgjAsSj + 4CuCl2  =  8  AgCl + 2Ag^S  +  4CuS  +  2  As^Sg, 

and  upon  pyrargyrite  in  this  way : — 

2  AgjSbSj + SCuClg  =  6  AgCl + 3CuS + Sb^Sj. 

The  action  of  cuprous  chloride  upon  pyrargyrite,  according  to  the 
same  authority,  is  represented  as  follows : — 

2  AgjSbSj + CujClg  =  2  AgCl + AggS + 2  Ag + 2CuS + SbgSg. 

5.  Silver  sulphide,  either  alone  or  present  in  combination  with 
other  metallic  sulphides,  is  decomposed  by  mercury  into  metallic 
silver  or  amalgam,  and  mercuric  sulphide  is  formed  according  to  the 
equation : — 

Ag^+2Hg=Ag,Hg+HgS. 

6.  Silver  chloride  is  reduced  to  metal  by  the  action  of  mercury 
with  the  formation  of  mercurous  chloride  thus : — 

2AgCl  +  2Hg=Hg2Cl2+2Ag. 

7.  Silver  present  in  the  native  state  in  the  ores  is  only  super- 
ficially converted  into  silver  chloride,  being  for  the  greater  part  taken 
up  directly  by  the  mercury. 

According  to  Bammelsberg,  and  also  to  Karsten  and  Sonne- 
schmidt,  by  the  action  of  cupric  chloride  arising  from  mutual  reaction 
between  sodium  chloride  and  copper  sulphate,  the  greater  part  of  the 
sulphide  of  silver  existing  free,  or  combined  with  other  sulphides  in 
the  ores,  and  a  small  portion  of  native  silver,  are  converted  into 
silver  chloride. 

Cuprous  chloride,  formed  by  the  action  of  mercury  and  silver 
upon  cupric  chloride,  converts  only  a  small  percentage  of  silver 
sulphide  into  chloride,  as  the  salt  is  very  soon  converted  into  oxy- 
chloride  by  the  oxygen  of  the  air,  in  which  state  it  is  not  capable  of 
any  further  action.  The  chloride  of  silver  is  reduced  to  metal  by 
the  mercury  present,  with  formation  of  mercurous  chloride,  and  the 
liberated  silver  unites  with  the  excess  of  mercury,  forming  amalgam. 


774  METALLURGY 

A  considerable  portion  of  the  silver  sulphide  in  the  ores  is  de- 
composed by  the  mercury,  silver  separating  and  mercuric  sulphide 
being  produced,  the  liberated  silver,  together  with  that  present  in 
the  ores  in  the  fresh  state,  amalgamating  with  the  mercury. 

That  the  whole  of  the  silver  is  not  liberated  by  the  action  of 
mercury  on  silver  chloride  is  evident  from  the  amount  of  mercury 
used  in  the  process ;  400  parts  of  mercury  would  in  such  a  case  be 
required  for  the  production  of  216  parts  of  silver,  whereas  in  practice 
in  the  Patio  process,  the  mercury  lost,  including  the  considerable 
mechanical  loss,  does  not  amount  to  more  than  1^  times  the  weight 
of  silver  obtained. 

According  to  the  researches  of  Boussingault,  Bowring,  Uslar, 
Qriitzner  and  Laur,  cuprous  chloride  plays  the  chief  part  in  the 
process,  and  not  the  cupric  salt. 

Boussingault  assumes  that  silver  sulphide  present  either  as  such 
or  in  combination  with  other  sulphides,  is  first  decomposed  by  cuprous 
chloride  with  the  production  of  silver  chloride,  and  that  the  latter  is 
then  decomposed  by  the  mercury  present.  The  other  metallurgists 
deny  that  silver  chloride  is  formed  in  this  way,  and  hold  that  silver  is 
separated  directly  in  the  metallic  state  by  means  of  cuprous  chloride, 
in  presence  of  oxygen  or  of  metallic  silver. 

Cuprous  chloride  is  produced,  as  mentioned  before,  by  the  action 
of  mercury,  native  silver,  copper,  zinc,  or  copper  or  zinc  amalgams 
upon  cupric  chloride,  and  is  also  formed  by  the  miction  of  cupric  chlor- 
ide upon  cuprous  sulphide  present  in  the  ores,  and  by  a  mutual 
reaction  between  cupric  oxide  and  ferrous  chloride,  the  latter  salt 
being  produced  by  the  reaction  between  ferrous  sulphate  in  the 
magistral  and  the  added  salt. 

According  to  Boussingault's  views  the  reactions  in  the  toria  are 
as  follows :  By  the  action  of  salt  on  the  magistraly  cupric  chloride 
is  produced,  which  body  acts,  however,  only  to  a  very  slight  extent 
upon  silver  sulphide,  because  it  is  reduced  by  the  mercury  to  cuprous 
chloride.  The  latter  salt  dissolves  in  the  common  salt  solution 
present,  penetrates  through  the  mass  of  ore,  and  converts  the  silver 
of  the  simple  and  compound  sulphides  into  silver  chloride,  copper 
sulphide  being  produced,  or,  according  to  Rammelsberg,  cupric 
sulphide  and  metallic  copper.  The  silver  chloride  formed  dissolves 
in  the  salt  solution  and  is  decomposed  by  mercury,  silver  separating 
in  the  metallic  state  and  alloying  with  the  mercury,  and  calomel 
being  produced  at  the  same  time. 

Bowring,  Uslar  and  Grtitzner  assume  that  cuprous  chloride  pro- 
duced in  the  manner  previously  mentioned  is  the  principal  agent  in 
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the  process,  and  that  silver  chloride  is  not  produced  to  any  extent, 
the  cuprous  chloride  in  presence  of  oxygen  liberating  silver  from  the 
sulphide  in  the  metallic  state. 

According  to  the  views  of  the  two  first-named,  the  cuprous 
chloride  formed  is  converted  into  oxychloride  by  atmospheric  oxygen, 
according  to  the  equation : — 

Cu,Cl2+0  =  CuCl2CuO. 

This  oxychloride  liberates  silver  from  silver  sulphide  with  formation 
of  cuprous  chloride.  The  reactions  further  given  show  a  very  im- 
perfect knowledge  of  chemical  changes,  as  the  sulphur  of  the  silver 
sulphide  is  assumed  to  be  oxidised  to  sulphur  dioxide  by  the  oxygen 
of  the  copper  oxychloride,  and  this  sulphur  dioxide,  together  with 
more  oxygen  and  a  further  quantity  of  oxychloride  is  supposed  to 
liberate  chlorine  fi:om  common  salt,  the  cuprous  chloride  being 
oxidised  to  cupric  chloride  by  the  chlorine  set  free. 

According  to  Stolzel  ^  the  process  may  be  represented  as  follows, 
eliminating  the  impossible  reactions : — 

3(CuCl2,CuO) + AgjS  =  3CU2CI2 + SO3  -h  2  Ag, 

cuprous  chloride  being  produced  in  addition  to  sulphuric  acid,  and 
being  converted  again  into  oxychloride  by  the  oxygen  of  the  air. 

According  to  Grutzner,^  copper  oxychloride  is  not  produced  at  all, 
but  cuprous  chloride  in  presence  of  atmospheric  oxygen  liberates 
silver  from  silver  sulphide  with  the  formation  of  cuprous  sulphide, 
cupric  chloride  and  sulphuric  acid,  according  to  the  equation  : — 

2AgjS + 2CU2CI2 + 30  +  HgO  =  4  Ag  -h  Cu^S  -h  2CuCl2 + H^SO,. 

According  to  Laur,  cuprous  chloride  liberates  silver  from  the  sulphide 
without  the  action  of  oxygen,  but  in  presence  of  mercury  and  common 
salt,  producing  cupric  sulphide  and  calomel,  Stolzel's  equation  for 
this  reaction  being : — 

2Ag^  -h  Cu2Cl,+ 2Hg = 4Ag-h  2CuS  +  Hg^Cl,. 

This  view  of  Laur's  is  based  upon  his  own  researches,  and  upon 
the  fact  that  the  chief  reaction  in  the  torta  only  begins  after  the 
mercury  has  been  added  and  trodden  in.  Laur  has  shown  that  native 
silver  sulphide  brought  into  contact  with  a  solution  of  copper  sulphate 

1  Metallurgies  "Silber,"  p.  1235. 

^  Die  Avguatin*8che  Silber  Extraction,  1851. 
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and  common  salt  in  presence  of  copper  and  merciuy,  is  in  a  short 
time  completely  converted  into  free  silver,  cupric  sulphide  or  cupric 
sulphide  and  calomel  being  formed.  This  rapid  decomposition  of  the 
sulphide  does  not  take  place  in  the  absence  of  copper  or  mercury. 

The  cupric  sulphide  resulting  from  the  decomposition  of  the  silver 
sulphide  can  be  converted  into  cupric  sulphate  by  the  action  of  air, 
and  this  in  turn  is  converted  into  chloride  by  the  action  of  common 
salt.  The  mercury  then  reacts  with  this  cupric  chloride,  converting 
it  into  the  cuprous  salt,  copper  oxychloride  not  being  formed,  as  the 
cuprous  chloride  as  fast  as  it  is  produced  acts  upon  the  silver 
sulphide. 

From  these  views  upon  the  reactions  taking  place  in  the  torta  it 
will  be  gathered — (1)  That  the  extent  to  which  cuprous  and  cupric 
chlorides  take  part  in  the  decomposition  of  the  silver  ores  is  not 
yet  established.  (2)  That  the  question  to  what  extent  the  silver 
present  as  a  simple  sulphide  or  in  combination  with  other  sulphides, 
is  converted  into  silver  chloride,  or  to  what  extent  it  is  liberated  as 
metallic  silver  without  previous  formation  of  chloride^  is  up  to  the 
present  unanswered.  (3)  That  there  is  no  explanation  of  the  mode  of 
action  of  copper  oxychloride  upon  the  metallic  sulphides  present  in 
the  tarta. 

The  author  holds  the  following  view  of  the  reactions  which  go  on 
in  the  torta,  Cupric  chloride  is  first  formed  by  the  reaction  between 
copper  sulphate  and  sodium  chloride.  As  this  salt  only  decomposes 
silver  sulphide  very  slowly,  the  principal  part  in  the  decomposition  of 
the  silver  compounds  must  be  assigned  to  cuprous  chloride,  and  this 
is  in  accord  with  the  fact  that  the  main  reaction  in  the  torta  does  not 
begin  until  the  mercury  has  been  incorporated  (that  is,  until  the 
cupric  chloride  has  been  reduced  to  cuprous),  and  that  cuprous 
chloride,  as  in  the  Krohnke  process,  is  known  to  rapidly  decompose 
the  silver  compounds  present.  As,  however,  cuprous  chloride  exposed 
to  the  air  is  rapidly  converted  into  oxychloride,  it  must  act  upon  the 
silver  ore  as  fast  as  it  is  formed.  It  seems  probable,  on  the  basis  of 
Laur's  experiments  and  observations,  that  in  contact  with  mercury 
and  silver  sulphide,  metallic  silver,  copper  chloride  and  copper 
sulphide  ai-e  produced,  though  the  reaction,  by  which,  according  t*» 
Rammelsberg  and  Boussingault,  a  portion  of  the  silver  is  converted 
into  chloride,  according  to  the  equation  : — 

AggS  +  CuoClj  =  2  AgCl  +  CuS  +  Cu, 

is  not  absolutely  excluded. 

That  silver  chloride  may  be  produced  as  well  as  free  silver,  follows 
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from  Rammelsberg's  observations  on  the  action  of  cuprous  chloride 
upon  pyrargyrite,  the  reaction  being  represented  as  follows : — 

2  AgsSbS, + CujCl,  =  2  AgCI + Ag^S  +  2  Ag + 2CuS  +  SbaS^. 

A  portion  of  the  silver  sulphide  is  reduced  by  metallic  mercury  ; 
native  silver  present  in  the  ore  is  partially  converted  into  silver 
chloride  by  cupric  chloride,  cuprous  chloride  being  produced,  and 
partly  taken  up  directly  by  the  mercury.  The  silver  chloride  pro- 
duced is  decomposed  by  mercury,  and  the  silver  separated  is 
amalgamated  by  the  excess  of  mercury. 

The  views  of  Krohnke  are  worthy  of  especial  consideration,  since 
it  was  by  careful  study  of  the  Patio  process  that  he  was  led  to  the  inven- 
tion of  his  own  process.  In  the  work  quoted  above  E^rohnke  writes: — 
"  The  active  reagents  in  this  process  are  undoubtedly  common  salt, 
mercury,  metallic  copper  at  times,  and  cuprous,  not  cupric  chloride. 
There  is  no  likelihood  of  the  formation  of  subchloride  of  silver,  or  of 
the  reduction  to  silver  by  cuprous  chloride,  without  the  previous 
formation  of  silver  chloride.  The  ready  reduction  of  cupric  chloride 
is  only  effected  by  metallic  silver  and  mercury ;  the  sulphides  of 
silver,  arsenic  and  antimony  are,  however,  much  less  readily  attacked 
by  cupric  than  by  cuprous  chloride.  The  presence  of  cupric  chloride 
can  only  be  regarded  as  a  disadvantage,  for  I  have  noticed  that 
native  silver  in  coarse  masses  is  readily  amalgamated  in  the  absence 
of  cupric  chloride,  and  furthermore,  when  present,  the  cupric  salt 
causes  loss  of  mercury.  It  has  already  been  shown  that  the  mercury 
not  only  reduces  silver  chloride  and  collects  the  silver,  but  it  also 
reduces  by  galvanic  action  the  silver  sulphide.  This  reaction  is 
favoured  by  the  presence  of  copper  which  is  still  more  electropositive 
than  mercury,  and  which  in  addition  helps  the  reaction  by  reducing 
cupric  to  cuprous  salt." 

Lukis  ^  has  proposed  to  roast  the  sulphides  containing  antimony 
and  arsenic  until  they  decrepitate,  and  then  to  add  1  to  1^  pounds  of 
sodium  thiosulphate  per  ton  of  ore  before  adding  the  mercury.  This 
treatment  is  said  to  accelerate  the  amalgamation. 

3.  The  Separation  of  the  Amalgam  from  the  Amalgamated  Ore 

The  separation  of  the  mercury  and  the  amalgam  from  the  amal- 
gamated ore  is  effected  by  washing  with  water  in  vats  or  tanks. 
Vats  are  chiefly  in  use,  and  they  are  provided  with  agitators  worked 

^  Eng,  and  Min,  Joum,,  7  May,  1892. 
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by  mules.  They  are  made  of  wood  or  masomy,  and  are  placed  either 
in  the  floor  of  the  patio  or  above  it. 

The  torta  is  agitated  for  some  hours  with  water,  the  heavier  por- 
tions allowed  to  settle,  and  the  supernatant  liquid  with  the  lighter 
portions  suspended  in  it,  is  drawn  oflF  through  openings  some  distance 
from  the  bottom,  and  run  into  a  second  and  sometimes  a  third  and 
fourth  vat. 

The  construction  of  an  old  form  of  washing  vat  {tifia)  with  agitatora 
driven  by  mules,  and  sunk  in  the  floor  is  shown  in  Fig.  543.^  A  is 
the  vat  made  of  masonry,  the  bottom  z  being  constructed  of  a  single 
block  of  porphyry.  The  stirrers  r,  r  are  fastened  to  the  vertical  shaft 
J5,  and  are  worked  by  a  driving  wheel  y  on  the  main  shaft  w  gearing 


Fig.  543. 


into  a  pinion  wheel  q ;  q  is  the  wheel  of  another  agitator  working  in 
a  similar  vat  lying  beside  the  other  one,  but  not  shown  in  the  figure. 
The  mules  are  yoked  to  the  arms  (i,  t),  and  walk  round  on  the  floor 
m.  In  such  a  vat  46  cwts.  are  washed  per  hour,  the  amalgam  col- 
lecting at  the  bottom  of  the  vat  and  being  afterwards  scooped  out 
of  it. 

At  the  Hacienda  de  Bocha,  Guanaxuato,  the  plant  for  washing 
consists  of  4  vats,*  the  greater  part  of  the  amalgam  settling  in  the 
first  one,  and  the  slimes  passing  consecutively  into  the  second,  third 
and  fourth  vats,  in  the  last  of  which  almost  all  the  suspended  amal- 
gam is  collected.  The  slimes  flowing  from  the  last  vat  are  deposited 
in  a  special  reservoir,  and  are  afterwards  washed,  yielding  concentrates 

1  Percy,  SUvtr  and  Ooldy  p.  622.  >  Ibid,  p.  623. 
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rich  in  pyrites  and  carrying  up  to  3  per  cent,  of  silver.  About  600 
quintals  of  ore  (1  quintal  =  100  lbs.)  are  washed  in  24  hours.  The 
amalgam  remaining  in  the  vats  is  still  mixed  with  heavy  portions  of 
the  ore,  and  is  washed  in  wooden  bowls  (battas)  in  a  large  vat 
partially  filled  with  water,  the  operator  working  the  hatea  with  a 
peculiar  shaking  movement.  The  washed  amalgam  is  then  placed 
in  a  smooth  stone  trough,  mercury  is  added  to  render  it  more  liquid, 
and  any  fine  particles  of  ore  collecting  on  the  surface  are  wiped  off 
with  flannel.  The  amalgam  is  finally  repeatedly  stirred  up  with 
water  until  it  shows  a  pure  reflecting  surface. 

An  arrangement  of  washing  tank,  where  the  slimes  are  washed  by 
treading  with  the  feet,  is  shown  in  Figs.  544  to  546.  This  tank  or 
lavadero  is  6  feet  6  inches  long,  20  inches  wide,  and  3  feet  deep,  and 
is  of  masonry  lined  with  cement.     The  front  side  is  of  wood  and  has 
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Figs.  644-546. 


6  perforations  «,  s,  each  2  inches  in  diameter,  closed  by  wooden 
plugs.  A  vertical  spout  g  is  placed  in  front  of  these  holes,  through 
which  the  slime  runs  into  a  sloping  trough  i.  At  the  bottom  of  this 
trough  are  several  depressions  t  filled  with  mercury  with  the  object 
of  collecting  any  mercury  or  amalgam  flowing  down  the  trough. 

This  tank  is  half  filled  with  water,  and  two  workmen  stand  in  it, 
whilst  a  third  gradually  adds  the  slime  from  the  platform  z,  the  top 
plug  being  withdrawn.  The  workmen  in  the  vat  keep  the  slime  in 
constant  motion  with  their  feet,  the  heavier  portions  settling  to  the 
bottom,  whilst  the  lighter  parts  flow  off  through  the  top  plug  hole, 
water  being  added  constantly  to  make  up  for  that  flowing  away  with 
the  slime.  The  slime  flows  away  along  the  spout  i,  over  the  mercury 
catchers  t,  into  a  slime  pit.  From  time  to  time  a  portion  of  the 
liquid  is  allowed  to  flow  fix)m  the  next  lower  hole.     The  amalgam  is 
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only  removed  after  the  whole  of  the  torta  has  been  washed,  the  flow 
of  water  being  stopped,  and  the  plugs  withdrawn  one  by  one, 
commeQcing  with  the  top  one. 

The  portions  of  the  toj-ta  separated  from  the  amalgam  still 
contain  some  portiona  of  ore  of  which  the  silver  content  has  escaped 
amalgamation.  It  is  therefore  washed,  usually  in  a  very  simple  form 
of  apparatus  known  as  the  planilla,  the  arrangement  of  which  is  illus- 
trated in  Figs.  547  and  548.  The  planilla  consists  of  a  sloping  bed 
of  marl  or  fine  slimes  S,  rammed  into  a  wooden  or  masonry  framework 
and  having  a  water  reservoir  at  the  bottom.  The  marl  bed  is  11  feet 
6  inches  long  and  7  feet  6  inches  broad.  The  ore  slime  is  made  into 
a  heap  at  the  top  of  the  bed  k,  and  water  is  thrown  on  to  it  from  a 


horn  spoon  holding  about  9  ounces,  the  lighter  portions  being  carried 
away  and  the  heavier  part  remaining  behind.  After  a  time  the 
lighter  portions,  which  will  have  collected  in  a  layer  extending  to  a 
distance  of  about  3  feet  upwards  from  the  reservoir,  are  removed.aod 
the  heavier  portion  lying  further  away  from  the  reservoir  is  collected 
and  again  made  into  a  heap  at  the  head  of  the  slope  and  the  whole 
operation  repeated.  The  product  at  last  consists  of  black  argenti- 
ferous sulphides  called  polvitlo.  This  is  washed  in  wooden  bowls 
having  the  form  of  an  inverted  truncated  cone  2  feet  in  diameter  and  16 
inches  deep,  in  which  the  mass  is  stirred  up  with  water,  allowed  to 
settle,  and  the  water  poured  oflf.  The  residue  consists  of  three  layers, 
the  upper  one  consisting  mainly  of  sand,  which  is  thrown  away ;  below 
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this  is  a  layer  known  as  colas,  consisting  chiefly  of  poor  sulphides,  which 
is  roasted  and  added  to  a  fresh  torta,  and  the  lowest  layer  consists  of 
sulphides  rich  in  silver  with  a  small  amount  of  amalgam.  These 
sulphides  are  exported  to  Europe,  or  if  they  contain  galena  are 
smelted  to  obtain  a  silver-lead  alloy.  Cupriferous  pyrites  containing 
gold  and  silver  are  roasted  and  used  as  magistraL 

At  some  works  the  slimes  from  the  planillas  are  again  washed 
on  round  buddies,  and  in  this  way  another  concentrate  containing 
0*2  per  cent,  of  silver  is  obtained.  Recently,  at  some  Mexican  works, 
the  amalgamation  residues  have  been  submitted  to  a  chloridising 
roasting,  the  silver  chloride  produced  dissolved  out  by  calcium  or 
sodium  thiosulphate,  and  the  silver  precipitated  from  this  solution  as 
sulphide  by  an  addition  of  sodium  or  calcium  sulphide. 

4.  The  Treatment  of  the  Silver  Amalgam 

The  amalgam  is  put  into  a  conical  bag  of  sail-cloth  (manga) 
suspended  by  an  iron  ring,  a  reservoir  being  placed  below  to  catch 
the  mercury  draining  away.  After  it  has  stood  in  this  for  some 
hours  it  is  ready  for  heating  in  retorts.  Formerly  in  most  works  it 
was  rammed  into  iron  moulds  and  withdrawn  as  cakes  having  the 
shape  of  sectors  of  a  circle  (boUos),  which  were  distilled  in  the  bell 
form  of  apparatus.  More  recently  it  has  been  usual  to  press  it  into 
iron  mercury  bottles  with  the  bottoms  removed,  and  to  distil  it  from 
these,  a  process  to  be  subsequently  considered. 

The  losses  of  mercury  in  the  Patio  process  are  partly  chemical 
and  partly  mechanical.  The  chemical  losses  depend  chiefly  upon  the 
nature  and  composition  of  the  ore,  and  are  the  smaller  the  more  silver 
is  present  in  the  native  state.  The  entire  loss,  including  the  com- 
paratively small  loss  in  retorting,  has  been  found  to  vary  at  diflferent 
works  from  87  to  400  per  cent,  of  the  silver  produced,  and  on  an 
average  it  may  be  reckoned  that  for  every  1  part  of  silver  obtained 
\\  parts  of  mercury  are  lost.  For  instance,  according  to  I^aur,  the 
loss  for  every  1  part  of  silver  at  the  Quebradillas  and  La  Granja 
mines  at  Zacatecas  was  1'43  of  mercury,  at  Guanaxuato  162,  and 
according  to  Silliman,  at  the  Hacienda  Nueva  at  Fresnillo  1*65,  and 
according  to  Stetefeldt,  at  the  Hacienda  Sauceda  at  Zacatecas  1*62 
parts  of  mercury. 

The  yield  of  silver  varies  in  favourable  circumstances  from  76  to 
80  per  cent,  of  the  assay  content  of  the  ore.  With  ores  containing 
zinc  blende  it  is  about  70  per  cent.,  whilst  ores  containing  arsenical 
and  antimonial  sulphides  may  yield  only  60  per  cent. 
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The  results  obtained  at  the  largest  works  in  Mexico,  the  Hacienda 
Nueva,  near  Fresnillo,  in  the  State  of  Zacatecas,  may  be  quoted  as 
illustrating  the  Patio  process.^  There  are  12  stamp  mills,  314 
arrastraSy  accommodation  for  1,500  mules,  and  a  patio  for  64  tortas, 
each  41 J  feet  in  diameter,  900  tons  of  ore  being  worked  weekly.  From 
1853  to  1862,  452,264  tons  of  ore  were  worked,  yielding  1,096,281 
marks  of  silver  (1  mark  =  8  oz.  Troy),  equal  in  value  to  9,825,598 
dollars.  The  salt  used  amounted  to  6  per  cent.,  the  magistral  to 
1*75  per  cent,  of  the  weight  of  the  ore,  the  loss  of  mercury  being  1*65 
times  the  weight  of  the  silver  obtained,  the  average  loss  of  silver 
being  1948  per  cent.,  equal  to  a  jrield  of  80*52  per  cent. 

At  Huantla  (Morelos,  Mexico),  ores  averaging  98  ounces  per  ton  of 
silver  are  concentrated  on  Frue  vanners  and  yield  8  per  cent,  of  concen- 
trates with  720  ounces  per  ton  of  silver,  and  tailings  with  40  ounces  per 
ton.  The  latter  ai'e  submitted  to  a  modified  Patio  process  and  yield 
90  per  cent,  of  their  silver.  The  amalgamation  residues  contain 
4  ounces  per  ton,  and  the  total  yield  of  the  combined  process  is  96 
per  cent.^ 

In  addition  to  the  works  in  Mexico  the  Patio  process  is  also  in 
limited  use  in  Peru,  Chili,  and  Bolivia ;  in  Chili  it  is  being  almost 
everjrwhere  superseded  by  Krohnke  processes. 

In  Bolivia,  it  is  in  use  at  Cerro  de  Pasco  and  at  Potosi.  At  the 
latter  place,  the  sulphide  ores  are  roasted  before  amalgamation.  The 
tortas  hold  only  2j^  tons  of  ore  and  are  trodden  by  men.  A  little  tin 
amalgam  is  added  to  reduce  the  mercury  losses. 

In  Peru,  the  Patio  process  is  largely  used  for  poor  ores,  the  oxide 
ores  being  treated  as  in  Mexico.  The  heaps  contain  50  to  100  tona 
The  sulphide  ores,  which  contain  zinc  blende  and  fahl-ore,  are  first 
roasted  in  little  reverberatories,  and  the  copper  sulphate  formed 
during  the  roasting  does  away  with  the  need  of  adding  magistral  for 
the  amalgamation.^ 

The  Washoe  Process  of  Pan  Amalgamation. 

In  this  process  the  ore  is  first  crushed  in  mck  breakers,  wet- 
stamped  to  powder  and  then  transferred  to  cylindrical  or  slightly 
conical  iron  pans  provided  with  an  arrangement  for  stirring  or  rubbing 
the  ore,  the  so-called  muller.  Here  it  is  brought  into  intimate  contact 
with  mercury,  copper  sulphate  and  salt,  together  with  warm  water, 
and  by  this  means  the  silver  present  in  the  ore,  either  native  or  as 

*  Engineering  and  Mining  Journal,  1883,  p.  394. 

^  Collins,  op.  cit.  p,  193.  '  Collins,  op.  of.  p.  69. 
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sulphide  or  chloride,  is  converted  into  silver  amalgam.  Arsenical  and 
antimonial  sulphide  ores  are  not  well  adapted  for  the  process,  and 
may  only  be  present  in  small  amounts. 

The  amalgam  obtained  is  washed  in  a  special  apparatus  or  settler 
in  order  to  separate  it  from  the  residue,  and  is  then  filtered,  pressed 
or  squeezed,  and  distilled. 

The  stamped  ore  is  put  into  the  pans  with  sufficient  water  to 
convert  it  into  a  thin  mud,  and  it  is  first  rubbed  there  to  the  finest 
powder,  and  then  heated  by  steam  and  submitted  to  the  action  of  the 
neceasary  reagents  with  constant  agitation.  The  chief  reagents  are 
metallic  iron  and  mercury,  and  to  a  less  extent  copper  sulphate  and 
common  salt.  The  iron  is  partly  derived  from  the  wear  of  the 
stamp  mill  and  is  partly  supplied  by  the  material  of  the  pan  and 
muller. 

The  mercury  in  presence  of  iron  liberates  silver  from  silver 
sulphide,  and  silver  chloride  is  decomposed  by  the  same  reagents, 
forming  metallic  silver  and  calomel,  which  latter  is  reduced  again  to 
mercury  by  metallic  iron.  The  liberAted  silver,  as  well  as  any  firee 
silver  in  the  ore,  is  then  amalgamated  by  the  mercury. 

To  a  less  extent,  reactions  in  which  copper  sulphate  and  common 
salt  take  part  also  occur,  cupric  chloride  being  produced  and  reduced 
to  cuprous  chloride  by  metallic  iron  and  this  then  acts  on  silver 
sulphide  and  particularly  upon  sulpharsenides  and  sulphantimonides 
of  silver  as  in  the  Krohnke  or  Patio  processes. 

The  ores  are  powdered  by  wet  stamping,  the  process  being  hence 
also  called  the  vot  process  of  pan  amalgamation,  in  distinction  to  dry 
pan  amalgamation,  in  which  the  oi'es  are  crushed  by  dry  stamping,  and, 
owing  to  their  refractory  nature,  must  be  submitted  to  a  chloridising 
roasting  previous  to  the  amalgamating  operation.  The  name  "  Washoe 
process "  is  derived  from  the  district  of  Washoe  in  Nevada,  where 
the  process  was  first  introduced  in  1861.  In  1859  a  party  of  pros- 
pectors looking  for  gold  found  the  famous  Comstock  lode,  called  after 
one  of  their  number ;  this  lode  was  41  miles  long  and  65  to  650  feet 
wide,  and  for  a  long  time  was  one  of  the  most  important  sources  of 
silver  in  the  world.  The  ores  of  this  lode  consisted  mainly  of  silver 
sulphide  with  native  silver  and  gold,  and  two  methods  of  working 
them  were  introduced.  The  richer  ores,  containing  considerable 
quantities  of  pyrites,  galena  and  blende,  were  submitted  to  a  chlori- 
dising roasting,  followed  by  amalgamation  in  barrels  like  those  for- 
merly in  use  at  Freiberg.  The  other  ores  were  amalgamated  in  pans 
without  any  preliminary  roasting.  The  first  method  was  subsequently 
abandoned  and  the  latter  alone  used. 
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The  use  of  the  Washoe  process  has  gradually,  since  its  introduc- 
tion into  the  Washoe  district  for  the  working  of  the  Comstock  ores, 
been  followed  by  its  employment  in  other  districts  in  the  States 
(Montana,  Colorado),  and  has  attained  to  a  high  degree  of  perfection. 

With  the  increasing  exhaustion  of  the  Comstock  lode,  the 
process  has  been  partly  abandoned  at  the  above  works.  At  present 
the  refuse  heaps  are  being  worked  for  concentrates,  and  these  are 
sold  to  the  smelting  works.  The  ore  is  broken  in  a  Kinkhead 
crusher,  and  then  concentrated  with  Frue  vanners.  The  crusher 
consists  of  an  iron  trough  or  mortar  in  which  a  hollow  stamp,  that 
covers  the  entire  bottom  of  the  machine,  works  with  a  rocking  motion. 
The  ore  is  fed  in  through  the  stamp,  and  the  pulp  escapes  through 
side  openings  in  the  mortar.  This  machine  puts  through  10  tons  in 
24  hours  with  an  expenditure  of  2  h.p.  The  Califomian  stamps  have 
only  half  this  capacity  for  the  same  expenditure  of  energy.  Experi- 
ments made  with  this  crusher  in  conjunction  with  washing  of  the 
ores,  have  yielded  favourable  results  (v.  JSng.  arid  Min.  Joum.,  1900, 
p.  660),  and  may  possibly  promote  the  fiirther  development  of  the 
Washoe  process. 

The  chief  works  in  the  Washoe  district  are  the  Consolidated 
Virginia  Mill,  and  the  California  Mill,  Virginia  City.  Ores  for  this 
process  should  not  contain  large  quantities  of  sulpharsenical  and 
sulphantimonial  compounds  of  silver,  nor  large  amounts  of  galena 
or  blende ;  small  amounts  of  these  bodies  are,  however,  decompose<i 
by  the  cuprous  chloride  formed  from  the  reagents  added. 

The  ores  of  the  Comstock  lode  contain  native  gold  and  silver, 
silver  glance,  polybasite,  stephanite,  proustite  and  pyrargyrite,  also 
quartz,  galena,  zinc  blende,  iron  and  copper  pyrites,  oxides  of  iron 
and  manganese,  carbonates  and  sulphates  of  lime,  magnesia,  copper 
and  lead.  The  silver  content  varies  from  005  to  2*786  per  cent.,  and 
the  gold  from  0001  to  0*57  per  cent. 

The  process  is  worked  in  the  following  way.  The  ores  are  first 
broken  in  rock  breakens,  and  then  pulverised  with  water  by  st>am])s. 
The  pulp  flows  through  a  series  of  tanks,  in  which  the  greater  pirt 
of  the  fine  ore  settles.  The  liquid  flowing  away,  carrying  still  2  to  10 
per  cent,  of  the  original  ore,  is  generally  collected  in  large  slime 
reservoirs  where  the  slimes  settle,  and  are  treated  with  the  rest 
of  the  ore.  The  crushed  ore  is  taken  out  of  the  tanks  and  charginl 
into  the  pans,  where  it  is  first  rubbed  to  fine  powder,  and  then  amal- 
gamated with  mercury  and  the  reagents. 

After  the  amalgamation  is  finished,  the  pulp  is  thinned  with 
water  and  run  oflf  into    settlers  provided  with  agitators,  where  the 
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amalgam  which  has  not  already  been  separated  in  the  pans  is  washed 
free  from  the  ore  residue.  At  some  works,  the  residue  is  still  further 
washed  in  agitators  to  separate  the  last  traces  of  amalgam  and 
unaltered  ore. 

The -residues  from  the  settlers  or  agitators  are  known  as  tailings, 
and  these  are  concentrated  in  order  to  obtain  the  heavy  unaltered 
ore  present  in  them.  They  are  either  run  over  broad,  slightly 
sloping  and  very  long  tables,  or  through  long  troughs  provided  at 
short  intervals  with  transverse  grooves,  or  else  worked  by  special 
dressing  plant. 

The  amalgam  is  first  freed  from  the  excess  of  mercury  contained 
in  it  by  filtration  through  conical  canvas  bags,  and  is  then  distilled  in 
horizontal  iron  retorts. 

Th^  impure  solid  amalgam  which  collects  in  the  pans  and  the 
hard  amalgam  from  the  pans  and  settlers,  is  put  into  smaller 
cylindrical,  iron,  clean-up  pans,  and  there  agitated  with  water  and 
additional  mercury  for  several  hours  until  quite  clean  and  perfectly 
liquid,  and  it  is  then  treated  in  the  same  way  as  the  rest  of  the 
amalgam. 

The  plant  required  in  the  Washoe  process  is  usually  so  arranged 
that  the  material  passes  by  gravity  from  one  apparatus  to  the  next 
succeeding,  so  that  none  of  it  needs  to  be  lifted  back  again. 

The  various  operations  which  will  now  be  considered  in  detail 
are :  — 

1.  The  crushing  of  the  ores. 

2.  The  pan  treatment  of  the  ores. 

3.  The  separation  of  the  amalgam  from  the  amalgamated  ores. 

4.  The  working  up  of  the  amalgam. 

5.  The  treatment  of  the  residues  from  the  amalgamation. 

1.  Tke  Ci^ushing  of  the  Ores. 

The  ores  as  they  come  from  the  mine  are  run  over  a  grizzly, 
and  the  finer  portions  taken  direct  to  the  stamp  mill,  whilst  the 
large  pieces  are  put  through  a  stone-breaker.  Blake  s  stone-breakers 
are  usually  used,  or  more  rarely  Dodge's,  one  Blake  crusher  serving 
for  a  mill  of  60  stamps. 

The  stamp  mills  used  in  the  Washoe  process  were  devised  in 
California,  and  are  known  as  Californian  stamps. 

The  stamp  stems  are  round  turned  wrought-iron  bars,  which 
rotate  during  the  process  of  stamping,  shod  with  shoes  of  hard 
white    iron    or    recently  of  steel,  working  upon  dies  of  the  same 
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material.  These  dies  are  placed  in  a  mortar  of  cast-iroD,  cast  in  one 
piece.  The  screens  of  perforated  iron  or  sheet  steel  through  which  the 
powdered  material  finds  its  exit,  are  placed  either  on  one,  or  more 
rarely  on  both  of  the  longer  sides  of  the  mortar.  A  battery  consists 
usually  of  5  stamps,  and  the  stems  work  in  wooden  guides  at  the 
top  and   middle  of  the  stamp   frame.     The  ore  is  usually  fed  in 


automatically  by  an  arrangement  with  a  shaking  movement  worked 
from  the  stamps  themselves. 

The  arrangement  of  a  batteiy  of  5  stamps  is  shown  in  Figsi 
549  and  550 ;  a  is  the  foundation  of  stout  timbers,  p  the  mortAr  bi'i 
of  cast-iron  in  which  are  placed  the  diea  t,  and  i  is  the  feed 
shoot.  Sieves  x,  on  both  of  the  longer  sides  of  the  mortar  allow  of 
the  discharge  of  the  stamped  material ;  the  sieves  are  kept  in  plaw 
by  wedges  k.  The  stamp  stems  y  work  in  wood  journals  /,  and  the 
stems  carry  at  their  lower  end  cylindrical  pieces  of  iron  or  heads  l-> 
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which  the  shoes  s  are  fastened ;  u,  u  are  the  cams  working  against 
tappets  V  keyed  on  the  stamp  sterna  Fis  a  finger  or  prop  hinged  at 
one  end  on  the  axle  o,  and  so  arranged  that  the  other  end  will,  by 
catching  underneath  the  tappet  v,  support  the  stamp  out  of  the  reach 
of  the  action  of  the  cam  when  repairs  are  necessarj-.  The  shaft  q 
driven  by  the  pulley  Z  off  the  shaft  c  drives  the  cams ;  T,  T  are  the 
uprights  of  the  framework  bound  together  by  the  cross  pieces  g,  g, 
which    also    cany  the   wooden   guides   for   the   stamp  sterna      A 


perspective  view  of  a  stamp  battery  for  the  Washoe  process  is  given 
in  Fig.  551. 

With  regard  to  the  details  of  the  chief  parts  of  a  battery,  the 
foundation  or  mortar  block  consists  of  upright  balks  of  timber 
fastened  together  with  iron  bolts.  The  height  of  these  varies  accord- 
ing to  the  nature  of  the  soil,  and  the  height  at  which  the  mortar  is  to 
be  fixed,  from  6  to  12  feet,  and  they  are  about  30  inches  square,  the 
mortar  blocks  in  use  at  the  Consolidated  Virginia  Mine  consisting  of 
logs  nearly  12  feet  long  and  30  inches  square.' 

The  mortar,  which  is  bolted  to  the  block,  is  made  entirely  of 
cast-iron  and  has  a  length  and  height  of  from  4  to  5  feet,  and  an 
internal  width  at  the  bottom  of  12  inchea     The  feed  slot  through 
■  Egleston,  op.  eii.,  I.,  p.  166. 

3  E  2 
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which  the  ore  is  charged  in  is  3  to  4  inches  wide  and  nearly  as 
long  as  the  mortar  itself.  If  the  mortw  discharges  on  one  side 
only  the  exit  is  placed  on  the  opposite  side  to  the  feed  slot,  but 
where  there  is  a  double  discharge,  which  increases  the  capacity  of  the 
mill,  the  feed  slot  is  placed  above  the  discharge  at  the  back  of  the 
mortar. 

The  screen  openings  are  nearly  as  long  as  the  mortar,  and  possess 
a  height  of  from  12  to  18  inches;  they  are  closed  by  screens  set  in 
wooden  frames  kept  in  place  by  wrought-iron  wedgea  A  mortar 
with  double  discharge  is  shown  in  cross  section  in  Fig.  552,  r  being 


the  wooden  screen  frame  with  the  inclined  screens,  k  the  wedges  for 
holding  the  frames  in  position,  and  e  the  feed  slot. 

For  the  Washoe  process,  screens  of  perforated  sheet  iron  are  to  be 
preferred  to  those  of  wire  gauze  on  account  of  their  greater  durability ; 
the  width  of  the  holes  varies  from  0-0039  to  0-0236  inch. 

Below  each  stamp  a  cylindrical  die  of  hard,  tough,  white  iron 
{i,  Fig.  552)  is  placed  in  the  mortar,  and  the  dies  are  cast  with  a  flat 
square  base  {z.  Fig.  552),  with  bevelled-off  comers.  The  die  is  4  to 
C  inches  high,  including  the  foot  plate,  and  is  of  the  same  diameter 
as  the  shoe  of  the  stamp  (8  to  10  inches). 

The  shaft  of  the  stamp  consists  of  a  round  bar  of  turned  wrouj^t- 
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iron,  from  3  to  IJ  inches  in  diameter,  and  10  to  12  feet  long,  and 
(aateoed  to  its  lower  end  is  a  head  or  boss  of  tough  cast-iron,  of 
8  to  10  inches  diameter,  and  15  to  20  inches  high.  The  details  of 
this  are  shown  in  Figs.  553  and  554,  the  head  having  a  slightly 
conical  hole  to  receive  the  stamp  stem  at  the  top  and  another  conical 
hole  below  to  receive  the  shoe.  In  the  older  mills  a  stout  wrought- 
iron  hoop  g  was  shrunk  on  to  each  end  of  the  boss. 

The  shoe  (Fig.  555)  is  of  white  iron  or  steel,  having  a  conical 
shank  u  at  the  top  to  iit  into  the  corresponding  conical  hole  in 
the  boes.  The  cylindrical  portion  vaiies  from  8  to  12  inches  in 
diameter  and  from  5  to  6  inches  in  height,  and  as  soon  as  the  height 
is  reduced  to  1  inch  by  wear  it  is  replaced  by  a  fresh  one.  When 
new  the  shoes  weigh  from  100  to  180  lbs. 

The  shoes  are  fixed  in  the  heads  by  wooden  slips  fastened  round 
the  conical  part  with  string,  so  that  the  cone  can  be  driven  into  the 


conical  hole  of  the  head.  In  wet  stamping,  the  wood  becomes  swollen 
and  holds  the  shoe  firmly  on  the  head. 

The  tappets  (a,  Figs.  556  and  557)  are  cylinders  of  cast-iron  with 
holes  bored  through  to  fit  on  the  stem  to  which  they  are  fastened 
by  keys.  The  cams  (c.  Figs.  556  and  557)  have  two  arms  and  are 
made  of  tough  cast-iron  (more  recently  of  steel),  and  they  not  only 
lift  the  stem  of  the  stamp,  but  impart  to  it  a  rotary  motion  at  the 
same  time. 

The  ore  is  charged  into  the  mortar  by  a  self-acting  arrangement, 
one  of  the  most  generally  used  forms  being  shown  in  Fig.  558,  and 
known  as  Tulloch's  ore  feeder.  It  consists  of  a  shaking  tray  B  placed 
below  the  ore  hopper  A.  This  tray  is  connected  with  the  rocking 
shaft  D,  by  an  arm  E;  the  shaft  receives  its  motion  from  the  rod  J, 
with  which  it  is  connected  by  the  two-armed  lever  L,  L,  and  the  arm  H. 
The  rod  J  receives  its  motion  from  the  tappet  of  the  centre  stamp  of 
the  battery,  which  comes  in  contact  with  the  top  end  of  the  rod,  a 
hole  being  bored  through  the  lower  guide  block  for  this  purpose. 
After  each  shake,  the  tmy  is  brought  back  to  its  original  position  by 
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a  strong  steel  spring  M.  The  extent  of  the  movement  imparted  to 
the  tray  is  varied  according  to  the  amount  of  ore  lying  in  the  morter. 
If  the  dies  are  deeply  covered  with  ore,  the  stamp  does  not  fall 
through  its  full  height,  and  the  shake  imparted  to  the  tray  is  feebler 
and  less  ore  ia  delivered.  If,  however,  there  is  little  ore  in  the 
mortar,  the  height  of  the  fall  is  greater,  and  the  tray  receives  a 
greater  shake,  delivering  more  ore  in  consequence. 

The  entire  weight  of  a  stamp  varies  between  7  and  9  cwts.,  the 
number  of  blows  per  minute  being  between  70  and  80,  or  even  up  to 
100,  the  height  of  the  fall  varying  from  7  to  10  inches.    The  capacity 


of  a  stamp  is  from  I  to  5  tons  of  ore  in  24  hours  according  to  the 
hardness  of  the  ore,  the  quartzose  ore  of  the  Comstock  lode  being 
crushed  at  the  rate  of  2  to  3  tons  in  24  hours. 

The  consumption  of  water  is  about  72  gallons  per  stamp  per 
hour.  The  crushed  pulp  is  led  into  a  trough  leading  to  a  reservoir 
where  the  solid  portions  are  allowed  to  settle.  The  troughs  are  6  to 
8  inches  deep.  From  the  reservoir  the  liquid  runs  through  a  slime 
pit  and  the  settled  liquid  is  usually  allowed  to  run  to  waste.  The 
tanks  are  so  arranged  that  they  can  be  cleaned  out  without  inter- 
rupting the  work,  the  pulp  being  in  the  meantime  run  into  other 
tanks.  At  the  Consolidated  Virgina  Mill,  Virginia  City,  Nevada, 
working  on  the  Comstock  lode,  the  reservoirs,  of  which  there  are  43, 
are  each  9  feet  long,  5  feet  broad,  and  3  feet  deep,  and  after  each 
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reservoir  there  is  a  slime  pit  of  the  same  dimensions.  The  ore  is 
taken  out  from  the  tanks  with  buckets  fastened  on  handles  and  is 
thus  charged  into  the  pans. 

2.  The  TreatmeTU  of  the  Powdered  Ore  in  the  Pane 

The  pans  are  vessels  provided  with  agitators  or  muUers,  and 
have  the  shape  of  short  vertical  cylinders  or  truncated  cones.  They 
are  usually  constructed  of  cast  iron,  but  in  many  cases  the  sides  are 
of  wood.  Formerly,  in  order  to  save  power,  the  bottoms  of  the  pans 
were  made  conical,  but  at  present  they  are  mostly  flat.  The  pans 
are  from  4  feet  to  5  feet  6  inches  in  diameter  and  2  feet  to  2  feet 
6  inches  deep. 

The  agitators,  mullers  or  grinders  serve  the  purpose  of  converting 
the  ore  into  fine  powder  and  of  bringing  it  into  intimate  contact  with 
the  mercury  and  reagents  added. 

The  simplest  form  of  muller  consists  of  a  cast-iron  cone,  with  a 
series  of  openings  in  the  upper  portion  and  provided  on  its  l6wer 
surface  with  pieces  of  cast  iron  2  to  2  J  inches  thick,  and  weighing  5 
to  8  cwts.,  known  as  shoes,  and  constituting  the  upper  grinding  surface. 
There  must  be  at  least  six  of  these  shoes. 

The  muller  is  attached  to  a  vertical  shaft  in  the  centre  of  the  pan, 
and  can  be  raised  or  lowered  by  means  of  a  screw. 

The  lower  grinding  surface  is  formed  of  iron  plates  placed  above 
the  true  bottom  of  the  pan,  and  consists  generally  of  a  series  of  sepa- 
rate blocks  or  dies  of  iron,  with  radial  grooves  between  them.  The 
action  of  the  muller,  which  makes  from  60  to  90  revolutions  per 
minute,  is  to  divide  up  the  mercury  on  the  bottom  of  the  pan  and 
to  bring  the  small  globules  into  intimate  contact  with  the  material 
of  the  ore  pulp.  Currents  are  set  up  owing  to  the  shape  of  the 
shoes  and  the  openings  in  the  conical  part  of  the  muller,  the  ore  pulp 
being  thrown  up  against  the  pan  sides,  whilst  the  mercury  sinks  to 
the  bottom.  The  ore  pulp  which  has  risen  up  the  sides  then  sinks 
to  the  bottom  down  the  central  portion,  again  finds  its  way  under 
the  muller,  and  is  then  ground  afresh  between  the  shoes  and  dies 
and  again  brought  in  contact  with  the  mercury,  and  so  the  process  is 
repeated.  In  order  to  prevent  the  pulp  from  being  carried  to  too 
great  a  height  up  the  pan,  wings  are  attached  at  intervals  to  the  pan 
sides. 

The  reactions  in  the  pan  proceed  most  favourably  when  the 
temperature  of  the  contents  is  raised  to  the  boiling  point  of  water, 
and  for  this  purpose  the  pan  is  heated  by  means  of  steam.     This  is 
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effected  either  by  providing  the  pan  with  a  false  bottom  and  intro- 
ducing steam  into  the  intermediate  space,  or  else  by  pacing  steam 
directly  into  the  pan,  or  both  methods  may  be  used  at  once.  The 
most  usual  plan  is  simply  to  lead  steam  directly  through  the  pan 
contents,  the  steam  for  this  purpose  being  taken  direct  from  the 
boiler,  as  exhaust  steam  from  the  engines  is  contaminated  with 
oil   or  grease,   which   would   hinder    the   amalgamation.     Exhausl 


steam  may,  of  course,  be  used  for  heating  the  double  bottom.  The 
pans  are  furnished  with  iron  or  wooden  covers.  From  time  to  time 
pans  with  slightly  different  arrangements  have  been  introduced 
without,  however,  altering  the  essential  principles  of  their  construction. 
The  pans  differ  from  one  another  principally  in  the  number  of  show 
and  dies,  and  the  methods  adopted  for  fastening  these  to  the  muller 
and  the  bottom  of  the  pan.  There  are  also  differences  in  the  shape 
of  the  mullers  and  in  the  method  of  suspending  and  raising  and 
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lowering  them,  and  the  winga  fiisfcened  to  the  sides  of  the  pans 
assume  various  forms.  A  few  of  the  most  generally  used  forms  of 
pan  will  be  found  described  in  the  following  pages. 

The  oldest  pan,  introduced  in  1862,  and  known  as  the  Wheeler 
pan,  is  shown  in  perspective  in  Fig.  559.  The  pan  a,  constructed 
entirely  of  cast  iron,  is  5  feet  in  diameter  and  2  feet  deep,  and  has  a 
double  bottom  for  the  purpose  of  heating  by  steam.  The  cone  h  is 
cast  in  a  single  piece  with  the  bottom  proper.  Through  this  passes 
the  vertical  shaft  c,  supported  on  the  bearing  at  x.  The  muller  d  is 
worked  from  this  shaft  by  means  of  the  driver  e,  which  is  connected  to 
the  shaft  by  a  groove  and  feather.     One  of  the  shoes  is  shown  in 


Fig.  560,  dovetails/  being  cast  on  them  which  fit  into  corresponding 
openings  in  the  muller.  The  horizontal  grinding  surface  at  the 
bottom  of  the  pan  is  formed  of  eight  separate  pieces  or  dies  fastened 
on  by  dovetails.  The  distance  between  the  shoes  and  dies  can  be 
regulated  by  means  of  the  screw  k,  which  acting  on  the  lever  z,  raises 
or  lowers  the  step  box  in  which  the  shaft  rests  and  works.  The 
vertical  shaft  c  ia  provided  with  a  long  screw,  by  means  of  which  the 
muller  can  be  raised  for  cleaning  or  repairing. 

The  arrangement  of  a  Wheeler  pan  with  wooden  sides  is 
shown  in  Fig,  561.  The  bottom  b  ia  made  hollow  in  order  that  it 
may  be  warmed  by  steam.     The  cone  z  is  cast  in  one  piece  with 
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the  bottom,  g  is  the  shaft  and  e  the  muUer  fastened  to  it,  c,  c  are  tvo 
of  the  dies  &stened  to  the  pan  bottom  by  dovetails,  and  d,diiK  the 
shoes  similarly  fastened  to  the  muller.  The  shaft  is  raised  or  lowered 
by  means  of  the  wheel  t;  y,y  are  wings  on  the  pan  sides  for  prevent- 
ing the  pulp  &om  rising  too  high  and  for  directing  the  ore  mud 
towards  the  centre  of  the  pan.  A  peculiarity  of  the  Wheeler  pan  ia 
the  comparatively  large  space  between  the  edges  of  the  muUers  and 
the  sides  of  the  pan. 

The  Horn  pan  is  shown  in  Fig.  562.     The  pan  is  of  cast  iroD 


bolted  on  to  the  flat  bottom  z,  the  dies  i  being  fastened  to  the 
bottom  by  dovetails.  Below  the  dies  are  two  channels  k  xa  the 
bottom,  communicating  with  each  other,  and  serving  for  the  heating 
of  the  contents  by  steam  which  enters  by  the  pipe  o  and  leaves  by 
the  pipe  kp.  The  shoes  are  fastened  to  the  muller  in  the  same  way 
as  the  dies  to  the  bottom.  The  muller  receives  its  motion  &om  the 
driver  /  attached  to  the  central  shaft,  but  the  muller  is  not  fastened 
to  the  driver  but  simply  rests  upon  it ;  it  can  be  raised  or  lowered 
by  the  screw  and  hand  wheel  w,  the  lower  wheel  fixing  it  when 


adjusted  to  the  desired  height,  t  and  u  are  scrapers  fixed  at  the 
outer  and  inner  edges  of  the  muller. 

The  so-called  combiTtation  pan,  shown  in  Fig.  563,  is  a  combina- 
tion of  the  pans  of  Wheeler,  Horn  and  Patton,  having  wings  I  on 
the  sides  provided  with  copper  plates  which  collect  a  portion  of  the 
amalgam.     In  such  a  pan  15  tons  of  ore  can  be  worked  in  24  hours. 

The  McCone  pan  is  shown  in  Figs.  564-567,  the  arrangement  of 
the  bottom  parts  of  the  pan  not  greatly  differing  from  those  previously 
described. 


A  form  of  pan  largely  employed  in  recent  times  and  veiy  fiivour- 
ably  spoken  of  is  that  of  Stevenson,  illustrated  in  Figs.  568  to  571.^ 
This  pan  is  furnished  with  iron  mould  boards  to  break  up  the  ore 
pulp,  and  these  mould  boards  throw  the  ore  against  the  pan  sides, 
whence  it  runs  down  under  the  muller.  The  pan  is  heated  by 
steam  circulating  below  the  bottom.  The  muller  is  provided  with  6 
shoes,  each  weighing  100  lbs.,  and  there  are  8  dies  of  iron,  weighing 
85  lbs.  each,  the  capacity  of  the  pan  being  3,500  lbs.  of  ore.  Owing 
to  its  comparatively  small  grinding  surface  the  powur  required  is  less 
than  with  other  pans. 

'  Egleston,  SUttr,  Gold,  and  Mercury,  i.  p.  S79. 
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In  working  the  pans,  the  mailers  are  first  raised  about  half  an 
inch,  water  ia  run  in,  the  muller  is  set  in  motion  at  the  rate  of  from 
60  to  90  revolutions  per  minute,  and  the  ore,  varying  in  weight  from 


8  cwts.  to  2  j  tons  according  to  the  size  of  the  pan,  is  then  charged. 
The  chai^  in  a  combination  pan  at  the  California  Mill,  Vii^ia  City, 
amounts  to  36  cwts.,  and  in  a  Wheeler  pan,  at  the  Eureka  MiQ, 
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Nevada,  to  32  cwta.  The  ore  and  water  are  stirred  together  to  a  pulp 
which  occupies  about  half  the  capacity  of  the  pan.  As  soon  as  the 
pulp  is  uniformly  of  the  consistency  of  honey  the  muller  ia  lowered  so 


that  the  shoes  nearly  rest  on  the  dies.  The  ore  ia  now  ground  fine, 
the  pan  being  warmed  with  steam.  As  a  rule  two  hours'  grinding  is 
sufficient,  and  then  the  mercury  is  added.  In  order  to  prevent  the 
mercury  from  being  broken  up  too  much,  the  muller  is  usually  raised 
about  half  an  inch,  and  the  running  ia  then  continued  for  3  hours.  On 


an  average,  the  weight  of  the  mercury  added  amounts  to  10  per  cent, 
of  the  weight  of  the  ore,  and  the  working  of  a  charge  takes  from  5 
to  6  hours. 
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The  chemicals  used  in  the  process  are  generally  added  at  the 
same  time  as  the  ore,  though  with  many  ores  they  may  be  entirely 
dispensed  with.  Of  the  very  many  substances  which  have  been  used 
by  the  amalgamators  working  on  the  Comstock  lode,  many  without 
any  knowledge  of  their  chemical  action,  as,  for  instance,  tea  and 
tobacco  leaves — common  salt  and  copper  sulphate  have  proved 
serviceable,  and  are  still  used.  The  action  of  these  bodies,  which  is 
the  same  as  in  the  Krohnke  and  Patio  processes,  has  previously  been 
described,  and  the  quantity  used  varies  with  the  ore.  At  the  California 
Mill  13  to  18  lbs.  of  salt  and  4^  to  9  lbs.  of  copper  sulphate  are  added 
to  each  charge.  At  the  Consolidated  Virginia  Mill  6  J  lbs.  of  salt  and 
3J  lbs.  of  copper  sulphate  are  used. 

The  metallic  iron,  which,  together  with  the  mercury,  liberates 
silver  from  the  silver  sulphide,  finds  its  way  into  the  ore  pulp  partly 
through  wear  of  the  stamps,  the  shoes  and  dies  of  the  pans,  and  is 
partly  furnished  by  the  substance  of  the  walls  of  the  pan.  According 
to  Egleston,  from  3J  to  6^  lbs.  of  iron  are  worn  off  the  stamps  for 
every  ton  of  ore  crushed,  and  from  7|^  to  11  lbs.  are  furnished  by  the 
shoes  and  dies  of  the  pan.^ 

Of  the  other  chemicals  employed,  caustic  alkalies,  soda  and  potash 
are  used  to  deprive  the  ores  of  any  grease  that  may  have  found  its 
way  in  from  the  machinery,  potassium  cyanide  to  purify  the  mercury, 
and  sodium  amalgam  to  prevent  the  sickening  or  flouring  of  the 
mercury. 

The  amalgamation  of  the  silver  proceeds  very  rapidly  at  first,  but 
its  rate  rapidly  diminishes.  According  to  observations  made  in  the 
States,^  after  one  hour's  working  in  the  pan  74'66  per  cent,  of  the 
silver  content  of  the  ore  is  already  amalgamated,  at  the  end  of  the 
2nd  hour  76*26  per  cent.,  after  the  3rd  hour  77*74  per  cent.,  and  at 
the  end  of  the  4th  hour  81*04  per  cent.,  no  more  silver  being  taken 
up  after  this  time. 

When  the  amalgamation  is  finished,  the  next  operation  is  the 
emptjdng  of  the  pan  and  the  separation  of  the  amalgam  from 
the  ore.  About  a  quarter  of  an  hour  before  the  emptying,  the 
number  of  revolutions  of  the  muUer  is  reduced  to  40  per  minute,  and 
the  pan  is  filled  to  the  top  with  water.  The  greater  part  of  the 
amalgam  is  either  run  off  first  and  the  rest  of  the  pan  contents  run 
into  the  settler  from  which  the  remainder  of  the  amalgam  is  obtained, 
or  else  the  entire  contents  of  the  pan  are  run  into  the  settler,  and  the 
amalgam  and  ore  separated  in  the  latter  vessel.     The  operation  of 

^  Egleston,  Silver^  Gold,  and  Mtrctiry,  p.  386. 
*  Trans,  Am,  Inst,  Min,  Eng,  vol.  xi.  p.  104. 
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emptying  takes  usually  about  half  an  hour,  water  being  allowed  to 
flow  in  during  this  time. 

If  most  of  the  amalgam  is  to  be  taken  directly  from  the  pan,  it  is 
drawn  off  (about  10  minutes  after  filling  up  the  pan  with  water)  by 
means  of  a  pipe  at  the  bottom,  closed  during  working  by  a  clamped 
indiarubber  tube,  and  is  then  run  into  an  iron  reservoir.  In  this 
way  about  nine-tenths  of  the  entire  quantity  of  amalgam  in  the  pan 
•may  be  obtained.  A  certain  amount  of  amalgam  is  retained  in  the 
spaces  between  the  dies  and  the  shoes  and  some  clings  to  the  pan 
walls,  and  this  is  removed  once  or  twice  a  month  when  the  pan  is 
cleaned  up  or  when  the  shoes  or  dies  are  changed. 

At  the  California  Mill,  in  Virginia  City,  44  pans  require  the  labour 
of  28  men  per  24  hours,  viz. — 6  amalgamators,  20  men  for  shovelling 
the  slimes,  and  2  mechanics  for  repairs. 

The  contents  of  each  pair  of  pans  are  run  into  one  settler,  and  a 
battery  of  5  stamps  will  supply  crushed  ore  for  2  to  3  pans. 

3.  The  Separation  of  the  Amalgam  from  the  Amalgamated 

Ores. 

The  complete  separation  of  the  amalgam  from  the  amalgamated 
ore  is  effected  in  a  settler  with  revolving  arms,  a  second  vessel  called 
an  agitator  being  also  used  in  many  cases. 

The  settler  is  a  cylindrical  vat  provided  with  arms,  and  is  from 
8  to  10  feet  in  diameter  and  3  feet  deep.  The  bottom  is  made  of 
cast  iron  and  the  walls  are  usually  of  wood.  The  arms  are  mounted 
similarly  to  the  mullers  of  the  pans.  They  consist  either  of  four 
cross  arms  of  iron  fastened  on  to  the  driver  and  provided  with  shoes 
like  ploughshares,  or  else  of  discs  of  iron  similarly  fastened  and 
furnished  with  long  radial  shoes  of  wood  on  their  lower  sides. 

The  latter  form,  which  is  the  one  most  in  use  at  present,  is 
shown  in  Fig.  572,  where  a  is  the  disc  fastened  to  the  driver  (?, 
u,  u  being  the  wooden  shoes,  and  the  earlier  form  with  shoes  like 
ploughshares  is  shown  in  Fig.  573  where  a,  a  are  the  arms  and  i,  h 
the  shoes. 

The  shoes  reach  to  the  bottom  of  the  settler,  and  can  be  raised  or 
lowered  by  an  arrangement  similar  to  that  used  for  the  mullers. 
The  bottom  of  the  settler  slopes  towards  the  sides,  and  has  a  groove 
in  which  the  amalgam  collects,  and  from  which  it  flows  by  a  pipe 
into  a  vessel  placed  outside  the  settler.  This  vessel  is  either  fastened 
directly  to  the  side  wall  of  the  settler  and  emptied  from  time  to  time, 
or  else  it  is  placed  at  a  lower  level  than  the  settler,  and  the  amalgam 
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can  flow  continuously  from  it.  The  firat  arrangement  is  shown  in 
Fig.  573,  where  d  is  the  amalgam  reservoir  from  which  the  amalgam 
can  be  drawn  off  by  opening  the  plug/,  whilst  in  the  form  shown  in 


Fig.  572  the  amalgam  flows  away  continuously.  At  diSerent  heights 
in  the  side  walls  of  the  settler,  openings  (c,  c,  c,  Figs,  572  and  573) 
which  can  be  closed  by  plugs,  are  provided  in  order  that  the  residue 
suspended  in  water  may  be  run  off. 
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As  soon  as  the  settler  has  received  its  charge,  consisting  of  the 
contents  of  two  pans,  it  is  filled  with  water  to  within  6  inches  of 
the  brim,  the  arms  making  10  to  15  revolutions,  or  with  coarsely 
ground  ore  20  revolutions  per  minute.  During  the  first  half  hour 
the  shoes  are  kept  at  a  distance  of  about  8  inches  from  the  bottom, 
and  they  are  gradually  lowered  until  after  the  lapse  of  2  hours  they 
nearly  rest  on  the  bottom.  The  action  of  the  agitators  is  to  keep  the 
lighter  portions  of  the  ore  in  suspension,  whilst  amalgam,  mercury, 
undecomposed  sulphides,  and  fine  particles  of  iron  collect  at  the 
bottom  of  the  settler.  The  duration  of  the  stirring  is  so  arranged 
that  the  settler  is  empty  when  the  amalgamation  of  the  pan  contents 
is  complete,  so  that  it  may  be  filled  again  at  once,  the  stirring  lasting 
on  an  average  3^  hours.  At  the  end  of  this  time  the  plug  of  the 
highest  opening  in  the  side  of  the  settler  is  removed  and  the  turbid 
liquid  allowed  to  flow  away,  the  agitators  being  meanwhile  kept 
going,  and  then  the  plugs  of  the  second,  third,  and  lowest  openings  are 
withdrawn  one  by  one  until  the  settler  is  emptied  of  all  except  the 
heavier  portions  above  mentioned.  The  whole  operation  of  emptying 
lasts  half  an  hour,  and  once  every  week  the  settler  is  thoroughly 
cleaned. 

At  many  large  works,  the  turbid  liquid  firom  the  settlers  is  run 
oflf  into  a  special  wooden  tub  or  agitator,  in  which  any  portions  of 
amalgam,  mercury  or  undecomposed  ore 
are  allowed  to  settle.  These  agitators  are 
cylindrical  vats  of  wood  8  to  16^  feet  in 
diameter  and  2  feet  6  inches  to  4  feet 
high,  one  agitator  serving  as  a  rule  for 
five  or  six  settlers.  The  agitating  appli- 
ance is  a  driver  with  four  arms  at  right 
angles,  and  to  these  arms  wooden  rods 
are  fixed  vertically,  the  whole  contrivance 
making  10  to  20  revolutions  per  minute. 
Fig.  574  shows  the  construction  of  such 
an  agitator,  the  screw  and  hand  wheel 
being    for    the    purpose    of    raising    or 

lowering  the  arms.  During  the  stirring,  water  flows  in  constantly, 
and  the  turbid  liquid  flows  out  through  an  opening  at  the  bottom 
the  heavier  portions  remaining  on  the  bottom,  whence  they  are 
shovelled  out  at  intervals  of  3  to  4  days. 

Agitators  are,  however,  not  generally  employed,  the  liquid  and 
suspended  particles  firom  the  settlers  being  usually  run  over  tables 
or,  if  the  ore  in  it  is  valuable,  it  is  worked   up  in  concentrators. 
VOL.  1  3  F 
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At  present  where  extra  settling  apparatus  is  considered  to  be 
necessary,  it  is  usual  to  use  a  modified  form  of  settler  in  place  of  the 
agitator. 

4.     The  Treatment  of  the  Amalgam 

The  amalgam  from  the  pans  and  settlers  is  first  deprived  of  its 
excess  of  mercury  by  filtration  through  bags  of  canvas. 

All  the  amalgam  which  is  obtained  during  the  cleaning  of  the 
pans  and  settlers,  as  well  as  all  other  impure  amalgam,  is  first  worked 
up  with  more  mercury  in  small  pans  known  as  clean-up  pans  before 
being  submitted  to  filtration. 

The  construction  of  one  form  of  clean-up  pan,  known  as  the  Knos 
pan,  is  shown  in  Fig.  575,  this  is  4  feet  in  diameter,  is  made  of  cast 
iron,  and  has  an  agitata 
with  wooden  shoes  fast- 
ened to  it.  The  agitator 
can  be  raised  or  lowered 
by  the  screw  and  wheel 
at  the  top. 

The  amalgam  is  put 
into  these  pans  and  ren- 
dered perfectly  liquid  by 
the  addition  of  a  lai^ 
quantity  of  mercury  and 
then  stirred  up  with 
water  for  a  considerable 
time  (up  to  12  hours). 
In  this  way  any  impuri- 
ties present  in  the  amal- 
gam are  carried  oflF  by 
Pm  j-5  the  current  of  water,  and 

in  many  cases  these  im- 
purities, consisting  of  imaltered  sulphides,  are  collected  and  worked 
up  separately. 

The  apparatus  for  filtering  the  amalgam  is  a  conical  b«g  con- 
structed either  wholly  of  canvas  or  the  upper  part  of  leather  and  the 
lower  of  canva.s,  being  supported  in  any  case  by  an  iron  ring  at  the 
top.  The  bags  are  10  to  12  inches  in  diameter  at  the  top  and  2  feet 
to  2  feet  7  inches  in  length,  holding  about  12  cwts.  of  amalgam.  The 
weight  of  the  amalgam  itself  is  sufficient  to  squeeze  most  of  the 
mercury  through  the  pores  of  the  canvas.  In  recent  forms  of  filter 
the  bag  is  suspended  inside  an  iron  cylinder  or  amalgam  safe  with  a 
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hinged  lid  secured  by  a  padlock  in  order  to  prevent  theft.  Two 
forms  of  amalgam  safe  are  shown  in  Figs.  576  and  577,  the  upright 
cylindrical  sides  being  of  wrought-iron  plate  and  the  bottom  of  cast 
iron,  h  being  the  filter  or  strainer  suspended  from  the  iron  ring  n,  and 
a  the  padlock. 

The  amalgam  is  run  in  from  the  settlers  into  the  bag  through  a 
hole,  m,  in  the  lid  of  the  safe,  the  excess  of  mercury  forced  through 
the  pores  of  the  cloth  being  drawn  off  at  p  (Fig.  676),  or  by  the  pipe  z 
(Fig.  577),  the  flow  being  regulated  by  the  tap  y. 

The  amalgam  remains  behind  in  the  bag  in  the  pasty  state,  and 
in  this  condition  contains  7  parts  of  mercury  to  1  of  silver ;  but  this 
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may  be  reduced  to  3^  :  1  by  squeezing,  though  in  this  case  the 
mercury  expressed  will  be  very  rich  in  silver. 

As  a  rule  one  amalgam  box  is  provided  for  every  two  settlers 
below  which  it  is  placed,  and  at  the  larger  works  the  mercury  which 
drains  away  flows  into  a  reservoir  from  which  it  is  raised  either  by 
elevators  or  pumps  into  another  reservoir  placed  above  the  pana 
From  this  it  flows  into  smaller  reservoirs,  each  of  which  supplies  two 
pans,  and  thus  begins  its  circulation  afresh. 

An  idea  of  this  circulation  of  the  mercury  may  be  gathered  from 
Fig.  578,  which  shows  the  arrangement  used  at  the  Consolidated 
Virginia  Mill,  Virginia  City,  Nevada  (Egleston).  The  fresh  mercury 
is  poured  out  fix)m  the  iron  bottles  into  the  lower  reservoir  c  and 
pumped  from  this  into  the  upper  reservoir  e  by  means  of  a  mercury 
pump  d.  From  this  reservoir  it  flows  by  a  vertical  pipe  not  shown 
in  the  figure  into  the  horizontal  pipe  /,  and  from  this  into  the  smaller 
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containers  g  placed  above  the  pans  a.  One  container  supplies 
mercury  for  two  pans  through  inclined  tubes  A,  and  from  the  pans 
the  mercury  or  amalgam  flows  into  the  settlers  b  and  into  the  collect- 
ing boxes  z  placed  in  front  of  them.  From  these  it  passes  along  tubes 
7M,  which  are  placed  slopingly  so  as  to  restrict  the  pressure  of  the 
mercury  into  the  amalgam  strainers  %(,  with  their  canvas  bags  t,  and 
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jfrom  these  it  passes  along  the  pipe /into  the  reservoir  c,  whence  it  is 
pumped  up  to  e  to  begin  the  circulation  again. 

The  raising  of  the  mercury  ifrom  the  lower  to  the  upper  reservoir 
is  eflFected  either  by  pumps  or  elevators,  preference  having  lately  been 
given  to  the  latter. 

The  details  of  the  construction  of  a  mercury  pump  are  shown  in 
Figs.  579  to  581.  The  pump  has  a  steel  plunger  x^  and  the  gland  is 
packed  with  rubber  dipped  in  melted  tallow,  with  water  in  the  lower 
part  of  the  stuffing-box.  The  valves  are  of  rubber,  fitting  easUy,  and 
the  plunger  runs  in  hydraulic  packing,  so  that  the  mercury  is  pre- 
vented from  being  floured  by  the  pump.  Below  the  pump  is  a  box 
J  to  catch  any  leakage.  The  mercury  which  is  to  be  raised  by  the 
pump  flows  from  the  iron  tank  G  into  which  it  drains  from  the 
amalgam  filter  and  enters  the  pump  through  the  pipe  H,  The 
pump  plunger  has  a  5-inch  stroke  and  makes  40  strokes  per  minute, 
the  mercury  being  forced  up  the  vertical  pipe  K,  J  inch  in  diameter, 
into  the  reservoir  L.  By  means  of  the  vertical  1  inch  pipe  F",  pro- 
vided with  a  stop-cock  Jf,  the  mercury  enters  the  horizontal  pipe  N 
and  thence  rises  up  through  U  into  0,  which  is  one  of  the  smaller 
containers  supplying  mercury  to  two  of  the  pans ;  the  supply  of  mer- 
cury to  these  particular  containers  can  be  cut  oflF  by  inserting  the 
plug  P  into  the  mouth  of  the  tube  U.  The  tubes  Q  convey  the 
mercury  to  the  pans ;  A  is  one  of  the  mercury  bowls  attached  to 
the  bottom  of  the  settlers,  and  from  it  the  mercury  and  amalgam 
flow  by  the  horizontal  pipe  D  and  the  smaller  vertical  pipes  E  into 
the  filters  placed  inside  the  wooden  box  F,  There  are  four  canvas 
filters  to  each  box,  and  the  mercury  fix)m  all  of  them  collects  in  the 
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iron  tank  G,  which  is  5  feet  long,  12  inches  deep,  and  18  inches  wide, 
flowing  again  to  the  pump  and  so  on  through  the  system. 

The  pipe  disa,  prolongation  of  D,  and  serves  to  introduce  steam 
into  the  latter,  whenever  it  needs  cleaning  out. 


The  mercury  elevator  (Fig,  584)  resembles  an  ordinary  belt 
elevator,  and  is  encased  in  sheet-iron.  The  buckets  are  of  the  shape 
shown  in  Fig.  584.  The  reservoir  from  which  the  mercury  is 
lifted  is  shown  at  w  in  Figa.  582  and  583,  and  is  made  of  cast 
iron,  the  receiving  vessel  K  being  constructed  of  the  same 
material. 
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The  amalgam  which  remains  behind  in  the  filters  is  heated  in  the 
cast-iron  retorts  to  be  subsequently  described.  The  loss  of  mercury 
in  the  Washoe  process  is  from  1  to  34  lbs.  per  ton  of  ore,  the  toss 
being  partly  chemical  and  partly  mechanical. 

Mechanical  losses  of  mercury  are  caused  by  the  presence  of 
minerals  of  high  specific  gravity,  such  aa  cerussite,  which  carry 
mercury  away  with  them,  by  atumiuium    and  magnesium  silicates 


J 

i 


which  coat  the  globules  of  mercury,  by  greaseand  fat,  by  theflouringi'f 
the  mercury  in  the  stamping,  grinding  and  washing,  and  by  volatili^- 
tion.  When  copper  and  lead  sulphides  are  present  in  the  ores,  or  if 
too  much  copper  sulphate  is  added  in  the  pans,  the  amalgam  produced, 
though  of  a  pasty  consistency,  is  easily  broken  up  into  very  fine 
globules. 

The  chemical  loss  is  chiefly  due  to  the  conversion  of  some  of  lbs 
mercury  into  sulphide,  owing  to  the  presence  of  silver  sulphide  in  the 
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ores,  and  to  a  less  degree  to  the  formation  of  mercurous  chloride,  as 
the  latter  is  largely  reduced  again  to  the  metallic  state  by  the  iron 
present. 

The  jrield  of  silver  in  the  Washoe  process  varies  with  the 
character  of  the  ore  from  70  to  80  per  cent,  of  the  assay  content  of 
the  ore. 

5.    Tfie  Treatment  of  the  Ores  after  ATnalgamation 

The  residues  which  are  suspended  in  the  muddy  liquid  run  out  of 
the  settlers  and  agitators,  form  what  are  known  as  tailings,  and 
contain  a  certain  amount  of  unaltered  ore,  which  in  the  majority  of 
cases  can  be  profitably  worked. 

The  solid  portion  is  therefore  either  collected  in  large  tanks, 
and  then  dressed,  or  else  the  mud  is  led  directly  over  tables  (blanket 
sluices)  in  which  the  heavier  portions  are  collected.  The  blanket 
tables  have  so  far  proved  to  be  the  best  and  cheapest  arrangement 
for  collecting  the  heavier  portions  of  the  tailings,  and  are  especially 
used  in  Nevada.  They  are  made  of  wood  with  sides  fit)m  2  to  3  inches 
high,  are  20  inches  wide,  and  as  much  as  1800  feet  long,  with  a 
slope  of  6  to  10  inches  in  12  feet,  and  are  usually  placed  side 
by  side,  sometimes  only  two  or  three  together,  or  in  some  cases  there 
are  as  many  as  16  or  20.  The  bottoms  of  the  sluices  are  covered 
with  coarse  blankets,  and  the  latter  can  be  easily  taken  out  and  washed 
in  the  case  of  short  sluices,  but  in  longer  ones  they  are  tarred  on  their 
under  sides  and  nailed  in  position. 

The  stream  of  turbid  liquid  running  along  the  sluices  deposits  the 
heavier  portions  of  its  contents  on  the  blankets,  and  in  the  case  of 
short  sluices  these  are  periodically  taken  out  and  washed.  With 
long  sluices  the  tailings  are  brushed  at  intervals  into  slots,  through 
which  they  are  run  oflF  into  sluices  at  a  lower  level  and  so  on  to  the 
collecting  tanks. 

According  to  Egleston,^  the  pulp  from  the  agitators  at  the  Eureka 
Mill,  Eureka,  Nevada,  first  flows  into  reservoirs  from  which  it  is  raised 
by  an  archimedean  screw  into  a  wooden  tank,  10  feet  long,  12  inches 
wide,  16  inches  deep.  From  this  it  flows  through  6  sluices  lying 
side  by  side,  each  1200  feet  long,  20  inches  wide,  and  3  inches 
high,  the  sluices  being  separated  by  boards  half  an  inch  thick.  The 
sluices  are  covered  with  coarse  blankets  10  feet  long,  fastened  by 
tacks  and  cleats.  At  intervals  of  200  feet  there  are  slits  3  inches 
wide  across  the  bottom  of  the  sluice,  which  are  covered  with  sheet- 

,^  Op,  cit,  vol.  i.  p.  449. 
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iron  covers  whilst  the  pulp  is  flowing  over  them,  and  which  com- 
municate with  a  trough  underneath  the  sluice.  As  soon  as  a  certain 
amount  of  ore  has  collected  on  the  blankets  the  covers  are  removed 
(every  4  or  6  hours)  and  the  ore  swept  with  brushes  into  the  alits. 
In  this  way  6  tons  of  ore  are  recovered  daily  with  the  lahour  of  three 
men,  and  the  recovered  ore  is  treated  in  the  same  way  as  the  original 
ore. 

The  largest  concentrating  plant  of  this  description  is  that  known 
as  the  Woodworth  Sluices  at  Dayton,  in  Nevada,  and  described  by 
Egleston.*  Here  the  tailings  Irom  25  to  30  amalgamating  plants  at 
Qold  Cafion,  where  there  are  262  stamps,  each  of  a  capacity  of  2  tons 
daily,  are  concentrated.     The  pulp  from  the  different  works  is  brought 


along  a  channel  3^  miles  long  and  18  inches  square  to  the  Woodworth 
Sluices.  The  pulp  flows  first  into  reservoirs  and  from  these  into  dis- 
tributing boxes  with  a  sliding  gate  for  each  sluice.  There  are  twelve 
of  these  placed  side  by  side,  1700  feet  long,  19  inches  wide,  and 
3  inches  deep,  with  a  fall  of  1  inch  in  8  feet.  The  blankets  are 
tarred  on  their  under  sides  and  fastened  to  the  bottom  of  the  sluice. 
At  intervals  of  every  160  feet  there  are  cross  slits,  3  inches  broad 
and  17  inches  long,  into  which  the  heavier  ore  remaining  on  the 
blankets  is  collected,  and  whence  it  flows  along  a  trough  below  into 
reservoirs.  Fresh  water  is  allowed  to  flow  in  at  various  stages  along 
the  sluice,  and  the  top  portions  are  swept  every  8  hours,  the  lower 

'  Bngiiteering,  1S60,  vol.  xnic.  pp.  395  and  451  ;  MetaUurgy  of  8ilt*r,  Oeid,  and 
Mtrcta-i/,  voL  i.  p.  450. 
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portions  at  intervals  of  12  hours.  In  each  day,  12  tons  of  ore  are 
concentrated,  and  the  labour  of  17  men  is  required  for  each  12  hour 
shift.  The  concentrates  are  worked  up  at  the  Woodworth  Mill  in 
Horn  pans  with  salt,  copper  sulphate  and  mercury,  and  70  per  Qent. 
of  the  assay  content  of  the  silver  is  recovered. 

As  previously  mentioned,  the  various  parts  of  the  plant  required 
for  the  Washoe  process  are  arranged  in  terrace  form  to  avoid  cost  oSf 
transportation  of  material,  and  the  method  of  arrangement  may  be 
gathered  from  Fig.  585.  The  ores  come  in  at  the  highest  level  H 
and  are  thrown  down  the  inclined  grizzly  a.  Pieces  larger  than 
walnuts  pass  on  to  the  floor  where  the  stone  breaker  i  is  situated, 
whilst  smaller  pieces  fall  through  the  grizzly  and  into  the  ore  bin  c, 
where  the  crushed  ores  from  the  stone  breaker  are  also  receive<^. 
From  the  bin  the  ores  pass  to  the  automatic  feeder  d  supplying  the 
stamps  py  the  pulp  flowing  along  q  to  the  reservoirs  k  in  which  the 
heavy  ore  settles.  The  deposited  pulp  is  then  transferred  to  the 
pans  8y  in  which  the  amalgamation  takes  place.  After  sufficient 
amalgamation,  the  pan  contents  are  allowed  to  flow  into  the  settlers  t 
in  which  the  amalgam  is  separated  from  the  remaining  ore,  the  latter 
being  either  further  treated  by  agitators,  blanket  sluices  or  vanners, 
or  else  run  to  waste. 

The  following  table  of  Egleston's  gives  the  details  of  various 
plants  used  for  the  Washoe  process  as  regards  their  capacity,  size, 
and  power  consumption.^ 


Blake*8  stone  breakers  ,   . 
Self-acting  feeders  .... 
Stamps,    each    weighing  "j 

825  lbs.,  90  drops  per  • 

minute J 

Pans,  each  5  ft.   in  dia-  \ 

meter / 

Settlers,    each    8    ft.    in^ 

diameter / 

Concentrators 

Power  lost  in  friction 

Total  horse-power  .... 

10  stamp  Plant. 

Capacity,  18  to  20  tona 

in  24  hours. 

20  Stamp  Plant. 

Capacity,  40  tona 

In  24  hours. 

60  Stamp  Plant. 

Capacity,  180—140 

tons  in  24  hours. 

Number 
of  each. 

Hone- 
power 
used. 

Number 
of  each. 

Horse- 
power 
used. 

Number 
of  each. 

Horse- 
power 
used. 

1 
2 

10 

6 
3 

6 

12 

30 
9 

7 

1 

4 

20 

12 
6 

6 

23 

60 
18 

13 

1 

60 

28 

14 
3 

6-5 

67-5 

112 

28 

6 
25 

64 

— 

120 

244 

1  Op,  cii.  p.  443. 
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The  engines  for  the  60  stamp  plant  in  Nevada  are  of  such  a  size 
as  to  be  capable  of  doing  double  the  work  ordinarily  required  of 
them. 

.  As  regards  the  consumption  of  water  in  the  Washoe  process, 
according  to  Egleston,  it  may  be  taken  at  7^  gallons  per  horse-power 
per  hour  for  the  boilers,  72  gallons  an  hour  for  each  stamp,  120 
gallons  an  hour  for  each  pan,  and  60  gallons  an  hour  for  each  settler. 

If  the  water  from  the  stamps,  pans  and  settlers  is  collected  in 
settling  tanks,  it  may  be  used  over  again,  with  an  average  loss  of 
26  per  cent.  Altogether  the  consumption  of  water  for  each  ton  of 
ore  treated  may  be  taken  at  2000  to  2500  gallons. 

At  Sheridan  Mill,  Mogollon  Mts.,  New  Mexico,  ores  were  worked 
in  1893  containing  175  ounces  of  silver  per  ton.  The  weight  of  a 
stamp  was  1100  lbs.,  the  number  of  drops  per  minute  85,  the  capacity 
2*2  tons  a  day.  The  sieves  had  25  meshes  to  the  inch ;  the  charge 
was  2000  lbs.  which  remained  for  6  hours  under  treatment  in  the  pan. 
Thejdeld  of  silver  was  698  per  cent.,  55  ounces  per  ton  remaining  in 
the  tailings,  and  the  cost  per  ton  of  ore  was  £1  Is.  0\d} 

At  De  Lamar  Mill,  Idaho,^  ores  containing  1*04  ounces  of  gold 
and  10*03  ounces  of  silver  per  ton  were  treated  in  1894.  These 
yielded  701  per  cent,  of  their  gold  and  90*4  per  cent,  of  their  silver 
and  the  tailings  carried  7  ounces  per  ton.  The  cost  per  ton  was 
£1  Is.  9Jrf. 

Experience  won  at  White  Pine  in  Nevada  and  at  Silver  Reef  in 
Utah  has  shown  that  the  Washoe  process  is  suitable  for  ores  contain- 
ing native  and  horn  silver ;  but  treatment  by  this  process  of  quartzose 
and  kaolin  ores  in  which  the  silver  is  present  in  the  free  state  and  as 
chloride  and  iodide,  at  Broken  Hill  in  New  South  Wales,  has  not  been 
successful. 

Modifications  of  the  Washoe  Process 

The  Washoe  process  has  in  some  cases  undergone  alterations,  and 
the  two  chief  ones  in  use  are  the  coTiibination  process,  in  which 
the  ores  are  submitted  to  a  preliminary  concentration  before  being 
amalgamated,  and  the  Boss  process,  called  after  Boss  the  inventor,  in 
which  the  amalgamation  is  not  conducted  in  a  single  pan,  but  in  a 
series  of  pans  through  which  the  pulp  flows  continuously. 

The  Combination  Process  (Concentration  and  Amalgamation) 

This  process  may  be  employed  with  advantage  in  the  case  of  ores 
which  cannot  be  worked  directly  by  the  Washoe  process,  as  in  the 

^  Andersen,  Eng.  and  Min.  Joum,  15  February,  1S96.        '  CoUins,  op.  eU.  p.  104. 
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case  when  they  contain  galena,  blende,  copper  and  iron  pjoites  (which 
act  injuriously  upon  the  amalgamation),  and  which  are  still  not  rich 
enough  to  pay  for  a  preliminary  chloridising  roasting.  The  method 
is  also  applicable  to  ores  carrying  gold  and  silver,  in  which  the  above 
sulphides  are  present. 

In  this  process  the  ores  are  crushed  in  stamp  mills  and  then 
concentrated  on  Frue  vanners.  By  this  means  the  refractory  sulphides 
are  separated,  and  the  tailings  obtained  are  suitable  for  treatment  by 
the  Washoe  process.  They  are  run  into  settlers  and  afterwards  taken 
out  and  amalgamated  in  pans.  If  the  ore  is  auriferous,  mercury  is 
charged  into  the  mortars  of  the  stamp  battery,  and  the  pulp  ia ,  led 
over  amalgamated  copper  plates,  which  retain  the  gold  amalgam  and 
any  free  gold  still  present,  after  which  the  pulp  goes  to  the  Frue 
vanners.  The  sulphides  or  concentrates  from  the  vanners  may  be 
worked  up  in  a  variety  of  ways  (chloridising  roasting  and  amalgama- 
tion, chlorination,  or  smelting,  so  as  to  obtain  the  precious  metals 
alloyed  with  lead),  and  are  sold  to  other  works  for  that  purpose. 

This  combination  process  is  employed  with  advantage  in  various 
works  where  the  simple  Washoe  process  had  not  proved  suitable. 
Places  where  it  is  in  successful  operation  are  the  works  of  the 
Montana  Co.,  Ltd.,  at  Marysville,  Montana,  where  auriferous  silver 
ores  are  worked,  those  of  the  Combination  Mining  and  Milling 
Co.,  at  Philipsburg  (Montana),  at  the  Lone  Pine  Mine,  and 
Maginiss  Mine,  Montana,  and  at  the  works  of  the  Webster  Mining 
and  Milling  Co.,  Marysvale,  Utah.  The  ores  of  the  latter  company 
contain  8  per  cent,  of  lead  in  the  form  of  cerussite  and  galena,  and 
the  concentrates  from  the  vanners  contain  50  per  cent,  of  lead  with 
considerable  amounts  of  gold  and  silver,  and  are  sold  to  the  smelting 
works,  85  per  cent,  of  the  precious  metals  in  the  ore  being  obtained 
fix)m  them. 

The  Boss  Process 

In  the  Boss  process  the  ore  pulp  from  the  stamp  mills  is  first 
finely  ground  in  pans,  and  then  flows  through  the  whole  series  of 
amalgamating  pans  and  settlers.  By  this  means  the  costly  labour  of 
transferring  the  pulp  from  the  settling  tanks  to  the  pans  is  avoided, 
and  the  pulp  is  worked  not  in  one  pan,  but  in  all  the  pans  of  the 
plant,  and  is  thus  maintained  in  intimate  contact  with  the  mercury 
for  a  long  period.  The  pans  in  which  the  fine  grinding  takes  place 
are  usually  placed  in  front  of  the  stamps,  the  pulp  flowing  along  a 
pipe  from  the  mortar  boxes  into  the  pans,  of  which  there  are  two,  one 
below  the  other,  serving  for  10  stamps.     The  pulp  flows  from  a  hole 


812  METALLURGY 

in  the  bottom  of  the  first  into  the  second  pan,.where  the  tine  grinding 
is  finished  After  the  fine  grinding  the  pulp  flows  through  the 
entire  series  of  amalgamating  pans  placed  one  beside  the  other 
and  then  through  all  the  settlers  arranged  in  the  same  way  on 
the  same  level.  Each  pan  is  furnished  with  an  overflow  pipt 
through  which  the  pulp  flows,  connecting  it  to   the   next   one  of 


the  series,  and  the  last  pan  is  connected  in  a  similar  wav 
with  the  first  settler,  and  so  on,  so  that  the  pulp  entering  the 
first  amalgamating  pan  flows  away  at  last  tirom  the  lost  settlor. 
Each  pan  and  settler  can  if  necessary  be  thrown  out  of  the 
series,  an  arrangement  being  provided  whereby  in  this  case  the 
contents  can   hn  transferred  by  steam  pressure  to  the  next  pan  or 


SILVER  813 

settler  in  operation.  The  quicksilver  is  distributed  automatically,  as 
above  described.  The  amalgam  is  collected  in  receivers,  one  for  each 
pan  and  settler,  and  from  these  it  is  led  to  the  canvas  filters 
previously  described. 

A  general  view  of  the  plant  used  in  the  Boss  process  is  given  in 
Figs.  586  to  588.  The  ores  are  sized  as  previously  mentioned,  then 
crushed  and  brought  to  the  mill  a,  which  in  this  case  consists  of  20 
stamps.  The  pulp  from  each  10  stamps  flows  through  the  pipe  r  into 
the  grinding  pan  I  and  then  into  the  similar  pan  c.  The  pulp  from 
both  sets  of  pans  passes  along  the  pipe  x  into  the  first  amalgamating 
pan,  and  flows  through  the  entire  series  of  pans  /  to  X  From  the 
pan  X  it  passes  to  the  first  settler  1  and  then  through  settlers  ^,  S,  4t 
and  is  afterwards  either  run  to  waste  or  worked  up  in  concentrators. 
The  agitators  of  the  pans  and  settlers  are  worked  from  the 
shaft  y  by  means  of  clutch  coupling,  and  the  pans  are  heated 
by  steam  circulating  in  a  double  bottom.  The  pulp  in  the  Boss 
process  must  be  comparatively  thinly  fluid.  The  advantages  of 
the  process  as  compared  with  the  ordinary  discontinuous  amalgama- 
tion process  are  a  smaller  cost  for  labour,  a  smaller  consumption  of 
water,  fuel  and  mercury,  and  a  higher  jdeld  of  silver. 

At  the  Garfield  Mill  near  Calico  in  California,  where  this  process  is 
in  operation  (1896),  the  stamp  weighs  850  lbs.  and  has  a  capacity  of 
2*2  tons  a  day,  and  the  muUers  make  65  revolutions  a  minute.  One  ton 
of  ore  takes  8  to  15  lbs.  of  copper  sulphate,  the  loss  of  mercury  is 
1  to  1*6  ounces  per  ton  of  ore,  and  the  yield  of  silver  is  80  to  90  per 
cent.^ 

At  Hacienda  de  San  Francisco,  Mexico,  ore  with  32*64  ounces  per 
ton  of  silver  is  treated  by  the  Boss  process  (1896).  The  weight  of  the 
stamp  is  1050  lbs.  and  its  capacity  2*89  tons  a  day.  One  ton  of  ore 
requires  44  jV  lbs.  of  salt  and  19  lbs.  of  copper  sulphate  and  the  loss  of 
mercury  is  IfV  lbs.  on  the  same  quantity.  The  yield  of  silver  is  87*7 
per  cent,  of  the  total  content,  and  of  the  amount  lost,  4  ounces 
per  ton  remain  in  the  tailings. 

Amalgamation  with  Reagents  preceded  by  a  Chloridisinq 

Roasting. 

In  this  process  the  silver  present  in  the  ore  is  first  converted  into 
chloride  by  roasting  with  salt,  the  silver  chloride  is  then  reduced  by 
metallic  iron  or  copper,  and  the  reduced  silver  amalgamated. 

The  chloridising  roasting  of  the  ore  is  carried  out  in  reverberatory 

1  Trails.  A.LM.E.  xv.  p.  733. 
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furnaces,  and  the  reduction  of  the  chloride  and  the  amalgamation  of 
the  silver  is  effected  in  some  form  of  amalgamating  apparatus  (barrels, 
pans  or  Unas).  The  various  methods  of  amalgamation  are  :  (1)  Barrel 
amalgamation,  also  known  as  the  European  amalgamation  process ; , 
(2)  Pan  amalgamation  (Reese-river  process),  and  (3)  Una  amalgama- 
tion (Francke-Tina  process). 

The  method  is  applicable  to  many  ores  which  cannot  be  worked 
directly  by  the  Washoe  process.  The  ores  mainly  worked  are  those 
containing  mixed  sulphides  of  silver  and  other  metals,  particularly 
antimonial  and  arsenical  sulphide  ores,  as  well  as  those  containing 
silver  sulphide  together  with  sulphides  of  iron,  copper,  zinc  and  lead. 
If,  however,  the  amount  of  galena  present  is  over  a  certain  limit,  the 
ores  are  rendered  unsuitable  for  treatment  by  this  process. 

In  Europe,  the  method  only  remains  in  use  in  a  few  places,  but  in 
America  it  is  extensively  employed,  and  has  in  recent  times  reached 
a  high  degree  of  perfection. 

For  the  operation  of  chloridising  roasting,  it  is  necessary  that  the 
ores  should  be  in  the  state  of  fine  powder  and  perfectly  dry,  as  if 
they  are  at  all  damp  they  form  lumps  with  the  salt,  and  perfect 
roasting  becomes  impossible.  The  ores  are  therefore  usually  stamped 
in  the  dry  state  and  dried  previous  to  stamping,  or  if  wet  stamping 
must  be  used,  they  must  be  dried  afterwards.  In  any  case  the  ores 
are  broken  up  in  stone  crushers  before  stamping. 

The  various  operations  to  be  considered  are : 

1.  The  drying  and  crushing  of  the  ore. 

2.  The  chloridising  roasting. 

3.  Barrel  amalgamation. 

4.  Pan  amalgamation  (Reese-river  process). 

6.  Tina  amalgamation  (Francke-Tina  process). 

1.    TJie  Dicing  and  Crushing  of  the  Ores 

As  a  rule  the  ores  are  first  dried  and  then  submitted  to  dr\' 
stamping,  or  if  wet  stamping  be  used  they  are  dried  after  that 
operation. 

If  the  ore  is  delivered  ready  broken  it  is  dried  at  once,  otherwise 
it  is  broken  in  stone  crushers  before  being  dried.  The  drying  operation 
may  be  conducted  either  on  cast-iron  plates  or  in  a  special  drying 
furnace,  the  use  of  cast-iron  plates,  which  are  generally  heated  by  waste 
gases  fi-om  the  roasting  furnace,  being  more  tedious  and  requiring  more 
labour  than  the  employment  of  a  special  furnace,  and  being  in  addi- 
tion injurious  to  the  health  of  the  workpeople  owing  to  the  inhalation 
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of  the  ore  dust.  Since  the  year  1873  such  (lr3dng  arrangements  have 
no  longer  been  erected,  and  all  the  newer  works  use  drying  furnaces. 
As  types  of  the  furnaces  in  use  in  the  model  works  of  the  United 
States  the  horizontal  rotating  cast-iron  cylinder  and  the  Stetefeldt 
drying  furnace  may  be  described. 

The  rotating  cylinder  or  revolving  ore  dryer  is  usually  arranged 
in  the  same  way  as  the  continuous  roasting. furnace  previously  de- 
scribed ;  it  is  n^e  of  larger  diameter  at  the  fire  end — viz.,  SJ  feet 
diameter  at  the  wide  end  and  3  feet  in  diameter  at  the  smaller  end, 
and  is  18  feet  long.  The  ore  is  fed  in  at  the  narrower  end  and 
travels  gradually  towards  the  fire  end,  shelves  or  wings  of  iron  plate 
arranged  spirally  inside  mixing  the  ore  and  assisting  its  movement. 
The  fire  grate  is  at  the  wider  end  and  the  flue  at  the  charging  end, 
and  the  ore  is  fed  in  and  withdrawn  continuously,  falling  as  it  leaves 
the  cylinder  at  the  fire  end  into  a  pit,  whence  it  is  taken  while  still 
warm  by  an  elevator  to  the  automatic  ore  feeders  supplying  the 
stamps.  The  cylinders  are  capable  of  drying  firom  30  to  40  tons  of 
ore  in  24  hours. 

The  Stetefeldt  drying  furnace  is  someyhat  similar  to  the  earlier 

roasting  furnace  of  Hasenclever  (page  59),  and  consists  of  a  shaft 

containing  a  series  of  cast-iron  plates,  of  which  the  alternate  ones  are 

parallel  to  each  other,  the  plates  being  set  at  an  angle  of  38°.     The 

ore  charged  in  at  the  top,  on  to  the  top  plate,  rests  upon  it  until  its 

angle  of  repose  is  exceeded,  when  it  begins  to  gradually  fall  down  on  to 

the  next  lower  plate,  and  so  on  until  it  reaches  the  last  plate  which 

projects  from  the  furnace  ;  it  slides  along  this  and  finally  falls  into  a 

receiver.     The  furnace  is  heated  by  a  fireplace  at  the  side  and  the 

products  of  combustion  pass  firom  above  downwards,  entering  at  the 

top  and  passing  first  over  each  plate  and  then  under  it,  channels  in 

the   narrower  side  walls  of  the  furnace  enabling  the  gases  to  pass 

round  each  plate.     At  the  under  side  of  the  lowest  plate  the  waste 

gases  pass  to  a  chimney  with  a  powerful  draught.     The  passage  of  the 

hot  products  of  combustion  through  the  furnace  in  this  direction  is 

necessary,  as  in  this  way  the  hot  gases  come  first  in  contact  with 

damp  ore  and  are  so  cooled  that  they  do  not  act  destructively  upon 

the  iron  plates;  further  the  moisture  given  up  to  the  gases  from 

the  ore  is  prevented  fix)m  condensing  as  the  gases  come  into  contact 

with  hotter  ore  as  they  pass  down  through  the  furnace. 

The  construction  of  the  furnace  is  shown  in  Figs.  689  to  592, 
where  g  is  the  charging  opening  for  the  ore,  and  a,  a  are  the  cast-iron 
plates  on  which  the  ore  falls ;  r,  r  are  the  fireplaces,  and  A.  h  the 
>penings  for  air.     From  the  grate  the  hot  products  of  combustion  pass 
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along  the  flue  x,  and  enter  the  furnace  at  the  top  above  the  first 
plate,  and  proceeding  in  a  downward  direction,  leave  the  furnace  by 
the  chimney  flue  k.  The  openings  y,  y  in  the  walls  of  the  narrower 
sides  of  the  furnace  allow  the  gases  to  make  their  way  round  the 
ends  of  the  plates ;   e,  e  are   openings   for  clinkering  in  the  event 


of  any  stoppage  taking  place.     The  height  of  the  furnace  to  the  top 
of  the  hopper  is  21  feet,  and  the  shaft  measures  7  feet  by  4. 

In  this  furnace,  which  the  author  witnessed  at  work  at  the 
Ijexington  Mill,  Butte  City,  Montana,  not  only  ore  but  salt  also  was 
dried,  the  furnace  drying  15  to  25  tons  of  ore  or  6  to  8  tons  of  salt 
per  24  hours,  one  attendant  being  necessary  for  each  shift,  and  one 
cord  of  wood  being  burnt  in  the  24  hours.   " 


The  ore  may  be  pulverised  in  any  of  the  various  forms  of 
(edge  runners,  arraatras,  ball  mills  or  stamps),  but  in  the  Un 
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States  the  CalifomiaD  stamp  mill  previously  described  is  the  nn  > 
generally  used.  The  ore  whilst  still  warm  is  carried  from  t  i 
drying  furnace  by  an  elevator  with 
iron  buckets,  and  charged  into  the 
hoppers  of  the  automatic  ore  feeders 
supplying  the  stamps.  The  mortars 
of  the  stamp  mills  are  either  of  the 
single  or  double  discharge  type,  the 
screens  being  made  of  brass  wire 
gauze  of  30  to  100  meshes  per  linear 
inch.  A  mortar  for  dry  crushing 
with  double  discharge  is  shown  in 
Fig.  593,  where  a  is  the  feed  shoot 
and  b,  b  the  screen  frames.  From 
the  mortar  the  crushed  ore  is  car- 
ried to  the  elevators  by  archimedean 
screws  and  raised  to  the  charging 
level  of  the  roasting  furnace.  The 
elevators  are  of  the  belt  form,  shown 
in  Figs.  594  and  595,  and  consist  of  no.  im. 
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a  series  of  iron  buckets  a,  fastened  to  an  endless  belt ;  to  prevent 
the  scattering  about  of  the  ore  the  elevator  is  cased  with  wood. 


Fio.  594. 


Fig.  595. 


Particulars  of  the  size  and  capacity  of  some  of  the  stamp  mills  in 
the  United  States  will  be  found  in  the  following  table  of  Eglestons:^ 


Number  of  mortars 

Single  (1)  or  double  (2)  discharge 
No.  of  stamps  in  each  mortar  box 
Total  number  of  stamps     .    .    . 
Weight  in  pounds  of  each  stamp 
Height  of  arop  in  inches    .    .    . 
Number  of  drops  per  minute 
Tons  of  ore  crushed  in  24  hours 
Capacity  of  each  stamp  in  tons  per^ 
24  hours / 


White  PiDe, 

Pioche,  Ray- 
mond, and 

White  Pino. 

Stamford 

ilntemational 

Mill. 

Ely  HUI. 

MilL 

6 

6 

6 

2 

2 

2 

5 

5 

5 

30 

30 

30 

750 

750 

750 

8 

8 

7i 

95 

95 

93 

52 

48 

33 

1-73 

1-6 

11 

Butte  City. 

Lexingtoo 

MiU. 


10 

1 

5 

50 
850 
7-8 

94 

60 

1-2 


^  Kgleston,  Gold  and  Silver,  1.  p.  185. 
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2.  The  Chloi^dising  Boasting  of  the  Ores 

This  operation  consists  in  routing  the  ores  with  salt ;  a  necessary 
condition  is  that  such  ores^ds  contain  no  peroxide  of  manganese 
must  contain  a  certain  quantity  of  pyrites,  but  not  too  much,  other 
wise  they  form  sulphates  and  free  sulphuric  acid  in  the  roasting, 
and  these  decompose  some  of  the  salt.  If  the  ores  contain  too  small 
a  quantity  of  pyrites,  bodies  are  added  which  would  form  sulphuAc 
acid  when  roasted,  such  as  coarse  matte,  copper  or  ferrous  sulphates, 
and  if  too  large  an  amount  is  present  the  ores  are  roasted  first  with- 
out any  addition  of  salt. 

The  amount  of  pyrites  or  of  coarse  matte  necessary  for  the  roast- 
ing operation  varies  according  to  the  character  of  the  ores  from  6  to 
30  per  cent.  When  the  amalgamation  process  was  in  use  at  Freiberg, 
ores  were  roasted  with  20  to  30  per  cent,  of  raw  matte,  whilsti  in 
many  works  in  the  States  only  6  to  10  per  cent,  suffices.  Ores  con- 
taining manganese  peroxide  do  not  need  the  presence  of  p3rrite8  for 
a  chloridising  roasting. 

The  amount  of  salt  requisite  for  roasting  depends  chiefly  upon  the 
character  of  the  ore,  and  also  upon  the  arrangement  used  for  roasting 
and  the  manner  in  which  the  process  is  worked.  Pyrites,  zinc  blende, 
calcite,  dolomite  or  fluor  spar  require  sulphuric  acid  or  chlorine  to  de- 
compose them,  and  consequently  increase  the  amount  of  salt  necessary. 
According  to  the  amount  of  these  bodies  present,  the  amount  of  salt 
required  varies  from  3  to  20  per  cent,  of  the  weight  of  the  ore.  If 
large  amounts  of  p)rrites  are  present,  the  ores  are  submitted  to  a 
preliminary  roasting,  and  thus  the  excessive  consumption  of  salt  is 
avoided. 

The  chloridising  roasting  is  also  an  oxidising  roasting,  the  sulphides 
present  being  converted  into  oxides  and  sulphates.  The  sulphates 
produced  in  part  react  upon  the  salt,  forming  metallic  chlorides  and 
sodium  sulphate,  and  in  part  are  decomposed  by  heat  into  oxides 
and  sulphuric  anhydride.  The  sulphuric  anhydride  so  produced 
reacts  upon  common  salt  and  liberates  chlorine.  If  moisture  is 
present,  sulphuric  acid  is  produced,  which  gives  rise  to  hydrochloric 
acid  by  its  action  upon  the  salt. 

The  free  chlorine  converts  compounds  of  metallic  sulphides  with 
arsenic  and  antimony  sulphides  into  metallic  chlorides  with  the  pro- 
duction of  chlorides  of  sulphur,  arsenic  and  antimony. 

The  hydrochloric  acid  formed  converts  any  metallic  oxides,  sul- 
phates, arsoniates  and  antimoniates  present  in  the  ores  or  produced 
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in  the  roasting,  into  chlorides  ;  water,  chlorine  and  chlorides  of  sulphur, 
arsenic  or  antimony  are  simultaneously  produced. 

Volatile  chlorides  are  produced  by  the  reaction  between  the 
sulphates  and  the  common  salt  present,  as  well  as  by  the  action  of 
chlorine  and  hydrochloric  acid  upon  these  bodiea  Of  these  chlorides, 
those  of  copper  and  iron  give  up  a  portion  of  their  chlorine  to  metallic 
silver,  metallic  sulphides,  arsenides,  antimonides,  arseniates,  antimo- 
niates  and  sulphates,  the  cupric  and  ferric  chlorides  being  reduced  to 
cuprous  and  ferrous  salta 

The  product  of  the  roasting  operation  contains  the  greater  part  of 
the  silver  as  chloride,  together  with  some  unaltered  silver  ore,  silver 
arseniate  and  antimoniate,  the  iron  chiefly  as  oxide  with  some  ferrous 
and  ferric  chlorides  and  sulphate,  the  manganese,  copper  and  zinc  as 
oxides,  sulphates  and  chlorides,  the  lead  as  oxide,  sulphate  and  basic 
chloride,  and  nickel  and  cobalt  as  oxide,  sulphate,  chloride  and 
arseniate. 

Where  the  roasting  is  carried  on  in  reverberatory  furnaces,  with 
fixed  hearths  and  hand  labour,  three  stages  of  the  roasting  operation 
may  be  distinguished,  namely,  the  kindling  period  (Anfeuem)  the 
desulphurising  period  (Abschivefeln),  and  the  final  roasting  (Gutrodcn). 
The  kindling  period  is  the  beginning  of  the  operation ;  in  the  second, 
Abschwefeln  or  oxidation  period,  sulphates  are  produced  from  the 
sulphides;  in  the  Ghitroden,  by  increasing  the  temperature,  the  de- 
composition of  the  salt  and  the  formation  of  silver  chloride  take 
place.  In  continuous  working  furnaces  with  rotating  cylinders,  or  of 
the  Stetefeldt  type,  which  are  usually  employed  at  the  present  time, 
these  distinct  stages  are  not  clearly  marked. 

At  the  present  time  it  is  not  usual  to  continue  the  roasting  in  the 
furnace  until  all  the  silver  is  converted  into  chloride,  but  the  charge 
is  withdrawn  in  a  hot  condition  before  this  stage  is  reached,  and  during 
the  gradual  cooling,  extending  from  12  to  30  hours,  a  further  chlori- 
dising  takes  place,  and  the  silver  in  the  ore,  not  existing  as  chloride 
(which  may  amount  to  40  per  cent,  of  the  silver  content  of  the  ore), 
is  gradually  converted  into  that  salt. 

By  the  chloridising  in  the  furnace  and  this  subsequent  action, 
95  per  cent,  of  the  silver  in  the  ore  may  be  converted  into  silver 
chloride. 

The  loss  of  silver  by  volatilisation  during  the  chloridising  roasting 
should  not  exceed  8  per  cent.^  It  depends  on  the  temperature,  the 
amount  of  air,  the  presence  of  volatile  elements  like  arsenic,  antimony, 
selenium  and  tellurium,  and  on  the  length  of  the  operation.     The  last 

•    ^  Collins,  The  Metallurgy  of  Lead,  p.  171. 
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factor  can  only  influence  the  result  when  the  temperature  is  high  and 
the  draught  is  strong ;  when  these  conditions  do  not  hold,  then  the  loss 
is  uninfluenced  by  the  duration  of  the  process,  notwithstanding  the 
contrary  statement  of  Stetefeldt.  This  is  borne  out  by  the  fact  that 
subsequent  chlorination  on  cooling  floors  is  unattended  by  any  very 
perceptible  loss  of  silver.  That  the  amount  of  silver  volatilised  in- 
creases with  the  temperature  is  a  fact  that  has  often  been  proved. 
Thus  Clemes^  found  that  the  losses  in  a  long-bedded  calciner  at 
Sonora  rose  from  11  6  per  cent,  at  a  dull  red  heat  to  13*7  per  cent,  at 
red  heat  and  15*9  per  cent,  at  a  cherry-red  heat,  half  of  these  losses 
occurring  in  the  last  stage  of  the  roasting  process.  Hofman  *  found 
from  2  to  18  per  cent,  loss  of  silver,  according  to  temperature,  from  a 
long-bedded  calciner  at  Yedras.  According  to  Godshall,  the  loss  of 
silver  depends  upon  the  quantity  of  air  which  passes  through  the 
furnace ;  this  is  supposed  to  indicate  that  silver  chloride  is  less 
volatile  in  an  atmosphere  of  chlorine  and  hydrochloric  acid  than  in 
one  of  air. 

The  operation  of  chloridising  is  chiefly  conducted  in  reverberatory 
frimaces,  muffle  furnaces  only  being  occasionally  used,  on  account  of 
their  excessive  consumption  of  fuel.     Shaft  furnaces  are  also  used. 

The  various  forms  of  reverberatory  furnace  with  fixed  heating 
chambers  in  use  for  this  purpose  are :  the  ordinary  short  furnace  with 
single  and  double  hearths,  the  Fortschaiifelungs  furnace  or  long- 
bedded  calciner  and  the  various  mechanical  calciners  described  under 
copper ;  the  furnaces  of  Bruckner,  White,  and  Howell  with  rotating 
hearths ;  and  the  Stetefeldt  furnace,  the  only  one  in  use  of  the  shaft  type. 

The  continuous  Fortschavf dungs  furnace  and  the  mechanical  fur- 
naces, figured  and  described  in  the  articles  on  copper  and  lead,  have  the 
advantage  over  the  shorter  furnaces  which  work  intermittently,  in 
that  they  have  a  greater  output  and  consume  less  fuel,  but  even  these 
have  been  replaced  in  the  States  by  rotating  cylinder  furnaces  and 
Stetefeldt's  shaft  furnace.  In  these  furnaces  the  roasting  proceeds 
independently  of  the  workmen,  and  enables  the  chloridising  to  be  con- 
ducted very  completely  with  a  comparatively  small  consumption  of 
friel  and  labour. 

In  Peru  and  Bolivia,  long-bedded  calciners  are  almost  exclusively 
used.  At  the  works  of  the  Huanchaca  Company  at  Playa  Blanca,  the 
fiimace  is  49  feet  long  and  35  feet  w^ide,  with  3  hearths  above  one 
another.  It  is  attended  by  4  workmen  in  a  12  hours'  shift,  and  puts 
through  in  that  time  5  to  8  charges  of  28  cwts.  each,  in  all  7  to  12  tons. 

*  Proc.  Inst.  Civ,  Eng.  cxxv.  p.  107. 
^  Eng,  and  Min,  Joum,  February,  1899. 
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The  furnace  is  fired  with  producer  gas  geoerated  in  Taylor  producer, 
and  the  fuel  consumption  is  14  per  cent  of  Chili  coal. 

The  first  furnace  with  rotating  heating  chamber  was  the  Briickner 
cylinder  working  discontinuoualy,  described  on  page  103.  At  first 
this  furnace  was  provided  with  a  diaphragm,  in  order  to  stir  up  the 
ore  more  completely,  but  thia  proved  unsuitable  and  was  done  away 
with.  The  Bruckner  furnace  was  followed  by  the  continuous  acting 
White  furnace,  described  on  page  105,  and  thia  was  further  improved 
by  Howell,  the  White-Howell  furnace  being  shown  in  Fig.  596.  This 
differs  from  the  previously-described  White  furnace,  in  that  the  rotat- 
ing cylinder  is  made  wider  at  the  fire  end  than  at  the  flue  end  for  the 
third  of  its  length,  and  this  wider  portion  is  lined  with  firebrick,  the 
narrower  part  being  of  cast-iron  only.  Projecting  cast-iron  ribs  in  the 
cylinder  lift  up  the  ore,  carry  it  round  and  drop  it  through  the  flames. 
An  auxiliary  furnace,  as  in  the  White  furnace,  is  often  placed  at  Z  for 


heating  the  flue  dust  or  bo  assist  in  the  after  chloridising.  The 
furnace  is  made  from  24  to  27  feet  long,  and  3  to  4  or  4J  feet  in 
diameter,  the  capacity  of  the  smaller  furnaces  (24  feet  by  3  feet)  being 
15  to  20  tons,  of  the  medium  size  (27  feet  by  4  feet),  20  to  30  tons, 
and  30  to  45  tons  per  24  hours  in  the  largest  sized  furnace  (27  feet 
by  5  feet).  The  White  furnace  previously  described  is  of  similar 
dimensions  to  the  White-Howell  furnace,  and  works  similar  amount" 
of  ore. 

In  the  Briickner  furnace,  as  a  consequence  of  the  working  being 
intermittent,  the  amount  of  ore  roasted  in  a  given  time  is  smaller 
than  with  the  White  and  White-Howell  furnaces,  whilst  the  fiiel 
consumption  is  greater.  From  3  to  10  tons  of  ore,  according  to  its 
character,  can  be  roasted  in  24  hours  in  the  Briickner  cylinder,  and 
06  per  cent,  of  its  silver  content  converted  into  chloride.  In  the 
White-Howell  furnaces  the  salt  must  be  added  together  with  the  ore. 
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but  in  the  Bruckner  furnace  it  can  be  added  later.  The  fuel  con- 
sumption per  ton  of  ore  is  900  lbs.  in  the  Bruckner  furnace,  600  lbs. 
in  the  Fortschaufelungs  furnace,  300  lbs.  in  the  White  and  Howell, 
and  200  lbs.  in  the  Stetefeldt  furnace,  the  chlorination  being  the  same 
in  each  case.  Bruckner  has  more  recently  devised  a  furnace  with 
several  cylinders  one  below  the  other  in  order  to  render  the  working 
continuous,  but  this  modification  does  not  seem  to  have  come  into 
general  use ;  and  of  furnaces  with  rotating  heating  chambers,  the 
White-Howell  furnace  seems  to  be  in  most  general  employment  for 
the  operation  of  chloridising  roasting. 

The  Stetefeldt  furnace  also  enables  a  high  degree  of  chlorination 
to  be  attained,  and  in  point  of  capacity  and  smallness  of  fuel  con- 
sumption it  is  at  least  equal  to  the  furnaces  just  considered.  It  is 
in  use  at  a  large  number  of  works  in  the  Western  States,  and  consists 
of  a  shaft  with  two  fireplaces  for  heating,  one  at  each  side,  the  ore 
to  be  roasted  falling  freely  down  the  shaft,  and  the  flames  passing 
up  it.  Through  an  opening  at  the  top  of  the  shaft  the  waste  gases 
with  some  finer  portions  of  ore  pass  down  an  inclined  flue,  also  heated 
by  a  fireplace  at  the  lower  end,  into  a  chamber  in  which  the  flue  dust 
is  collected.  From  this  the  waste  gases  pass  through  more  dust 
chambers  and  lastly  into  a  chimney  with  a  good  draught. 

The  construction  of  the  Stetefeldt  furnace  is  shown  in  Fig.  597, 
where  B  is  the  shaft  down  which  the  ore  mixed  with  salt  is  allowed 
to  fall  fix)m  the  mechanical  feeder  z,  shown  in  detail  in  Fig.  598 :  ©,  G 
are  the  two  fireplaces  for  heating  the  shaft,  and  they  receive  their 
air  supply  through  the  ashpits  x^  x,  the  flames  from  them  passing  into 
the  shaft  through  the  passages  0,  0,  whilst  air  passes  into  the  shaft 
through  the  channels  M,  M.  The  air  partly  serves  to  give  the  roasting 
an  oxidising  character,  and  partly  serves  to  bum  completely  any 
unbumt  gases.  Through  the  opening  v  at  the  top  of  the  shaft  the 
waste  gases  carrying  fine  particles  of  ore  pass  down  the  sloping  shaft 
H,  heated  firom  below  by  the  fireplace  ^,  the  products  of  combustion 
passing  through  the  opening  0'  and  air  entering  through  M\  From  y 
the  gases  pass  into  the  chamber  jD,  and  then  through  flue-dust  chambers 
to  the  chimney,  the  draught  through  the  furnace  being  regulated  by 
an  iron  damper.  The  roasted  ore  collects  partly  in  the  hopper  J  at 
the  lower  part  of  the  main  shaft,  and  partly  in  the  hopper-shaped 
receptacles  in  -D ;  all  these  hoppers  have  sliding  doors  through  which 
the  roasted  ore  falls  into  waggons  underneath.  B  and  Q  are  openings 
for  clinkering  and  for  admission  of  air,  and  the  openings  S,  S 
similarly  serve  for  removing  any  caked  masses  in  the  inclined 
shaft  ff. 
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The  feeding  apparatus  is  shown  in  Fig.  598,  and  consists  of  a  per- 
forated iron  plate  m,  over  which  a  screen  of  iron  wire  n  can  be  moved 
backwards  and  forwards.  The  perforated  plate  mi  rests  on  a  east-iron 
grate  c,  c,  and  the  wire  screen  n  forms  the  bottom  of  the  frame  S 
resting  on  the  friction  rollers  0.  The  distance  between  the  screens 
m  and  n  can  be  adjusted  by  moving  the  brackets  ff,  on  which  the 


screen  irame  E  rests  on  friction  rollers  O.  The  bracket  K  carries  an 
eccentric  shaft  which  is  connected  with  the  shaft  M,  which  moves 
the  frame  E,  and  with  it  the  sieve  n,  backwards  and  forwards ;  o,  o 
are  adjustable  iron  blades  fastened  to  the  sides  of  the  frame  and 
reaching  nearly  to  the  lower  screen  over  which  they  distribute  the 
ore  evenly.  Owing  to  the  movement  of  the  top  sieve  frame,  the  ore 
falls  through  on  to  the  lower  perforated  plate,  and  through  it  into 
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the  shaft,  the  amount  of  ore  charged  in  being  regulated  by  the 
number  of  strokes  per  minute  made  by  the  frame  (usually  20  to  60), 
and  by  the  distance  of  the  distributing  blades  o  from  the  lower  per- 
forated plate. 

The  height  of  the  fiimace  shaft  varies  according  to  the  nature  of 
the  ores  and  the  amount  to  be  worked  in  a  given  time,  from  30  to 
48  feet,  and  the  furnace 
shaft,  which  is  square  in 
cross  section,  varies  from  4 
to  6  feet  in  the  side. 

The  amount  of  ore  which 
can  be  roasted  in  a  Stete- 
feldt  ftimace  depends  upon 
the  character  of  the  mate- 
rial and  particularly  upon 
the  nature  of  the  impurities 
present  in  it.    According  to 

Egleston,  the  famace  at  the  Ontario  Mill  in  Utah,  visited  by  the 
author,  roasts  65  tons  of  ore  in  24  hours,  that  at  the  Northern 
Belle  in  Nevada,  55  to  70  tons,  and  at  the  Lexington  Mill  in 
Montana,  also  visited  by  the  author,  30  tons  of  ores  containing 
pyrites,  blende  and  galena. 

About  half  the  roasted  material  collects  at  the  bottom  of  the 
main  shaft,  and  the  other  half  in  the  flue-dust  chamber  (Z)),  of  which 
80  per  cent,  will  be  found  collected  in  the  first  hopper.  The  ore  is 
drawn  from  the  furnace  and  heaped  together  on  cooling  floors,  where 
it  is  allowed  to  remain  at  least  12  hours  for  slow  cooling  and  after- 
chlorination;  the  ore  in  the  flue-dust  chamber  is  allowed  to  stay  there  as 
long  as  possible  because  the  after-chlorination  proceeds  quite  well  there. 

The  extent  to  which  the  silver  in  the  ore  is  converted  into  chloride 
amounts  to  from  90  to  95  per  cent.,  when  the  ore  has  been  left  for  a 
sufficient  length  of  time  on  the  cooling  floor.  According  to  the  state- 
ments of  the  manager  of  the  Lexington  Mill,  Butte  City,  Montana, 
the  ore  is  chloridised  to  the  extent  of  65  per  cent,  of  its  silver  content 
immediately  after  reaching  the  bottom  of  the  main  shaft,  whilst  after 
lying  for  2  hours  at  the  bottom  of  the  main  shaft,  it  reached  75  to  80 
per  cent.,  and  in  the  first-flue  dust  chamber  72  to  78  per  cent,  of  the 
silver  content  of  the  ore  will  exist  as  chloride.  After  36  to  48  hours 
on  the  cooling  floor  the  chloridising  amounts  to  92  to  93  per  cent,  of 
the  silver  in  the  ore.  (Amalgamation  extracted  94  per  cent,  of  the 
silver  content  of  the  ore.) 

The  consumption  of  salt  varies  according  to  the  nature  of  the 
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ores  from  3  to  18  per  cent,  of  their  weight,  the  amount  required 
having  to  be  ascertained  by  special  experiment.  At  the  Lexington 
Mill  it  amounts  to  10  to  10*6  per  cent,  of  the  weight  of  the  ore. 

The  consumption  of  fuel  depends  upon  the  character  of  the  ores 
and  the  quantity  roasted,  the  extreme  limits  being  1^  and  5  cords 
of  wood  in  24  hours.  According  to  Egleston,  2^  to  2J  cords  of  good 
dry  wood  are  required  to  roast  20  to  25  tons  of  ore  in  24  hours,  and 
at  the  Lexington  Mill,  at  the  time  X)f  the  author  s  visit,  40  tons  of 
ore  were  roasted  in  a  Stetefeldt  furnace  in  24  hours  with  a  consump- 
tion of  2  J  to  3  cords  of  wood.  The  furnace  requires  the  labour  of  one 
man  per  shift  for  stoking  and  attending  to  the  feeder,  and  of  two  men 
for  emptying  the  furnace  and  attending  to  the  cooling  floors. 

The  furnace  is  adapted  to  ores  of  varying  degrees  of  richness ;  at 
Reno  they  carry  30  to  800  ounces  per  ton,  at  Manhattan  100 
ounces,  at  the  Lexington  Mill  40  to  60  ounces,  at  the  Ontario  Mill 
60  to  100  ounces,  and  at  the  Northern  Belle  30  to  100  ounces  of 
silver. 

Qodschall  regards  the  Stetefeldt  furnace  as  unsuitable  for  quartzose 
ores  with  more  than  6  per  cent,  of  sulphur,  and  for  ores  with  more 
than  20  per  cent,  of  lime,  owing  to  the  small  amount  of  silver 
chlorinated  in  these  cases.  The  silver  losses  vary  for  these  different 
furnaces,  and  they  depend  on  so  many  circumstances  that  figures, 
generally  applicable,  cannot  be  given.  In  Aspen,  Colorado,  they 
amount  to  9  per  cent,  for  Stetefeldt  furnaces  and  4*2  per  cent,  for 
long-bedded  calciners.  They  are  said  to  be  greater  for  Howell-White 
than  for  Bruckner  furnaces.^  Concerning  the  selection  of  a  particular 
furnace  for  the  chloridising  roasting  of  silver  ores,  the  small  furnace  is 
practically  now  no  longer  used;  where  labour  is  cheap  and  well- 
trained,  and  only  moderate  quantities  of  ore  are  to  be  treated,  the 
long-bedded  calciner  or  the  reverberatory  furnace  with  multiple 
hearths  may  be  used,  and  where  wages  are  high,  skilled  labour  not 
available,  and  large  quantities  of  ore  have  to  be  treated.  White  or 
White-Howell  and  Stetefeldt  furnaces  are  the  most  suitable,  the  last 
especially  when  the  ores  contain  no  lead,  and  less  than  10  per  cent  of 
sulphur. 

3.    Barrel  Amalgamation 

The  barrel  amalgamation  process,  also  known  as  the  European 
amalgamation  process,  because  it  was  devised  and  first  used  in  Europe, 
is  carried  out  in  horizontal  rotating  barrels.  Aflber  Bom  had 
introduced  the  chloridising  roasting  of  silver  ores  into  Vienna,  and 

1  Godachall,  Trans.  A.LM.E.,  PitUburg  Meeting,  1890. 
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this  process  had  been  combined  in  1786  at  Schemnitz    : 
with  the  method  of  amalgamation  in  copper  vessels  (C^  : 
Gellert  introduced   the   use  of  wooden   vessels    at    Fr«  i 
Ruprecht's  later  improvement  was  to  mount  the  vessels 
and  in  such  a  way  that  they  could  be  roliated. 

The  first   amalgamating  plant    on   a    large  scale  wi 
barrels  was  erected  in  1790  and  kept  in  operation  until  1  i 
Halsbriicker  HUtte  near  Freiberg,  and  thence  it  was  intr 
many  European  works  and  into  some  in  America.     In  Ei  i 
been  superseded  by  smelting  processes,  by  wet  processes  in    I 
sense  of  the  word,  and  by  electrometallurgical  processes  and  i 
by  pan  amalgamation,  and  at  present  is  only  in  use  in  \ery 
It   can  be  adapted,  not  merely  to  the  working  of  ores,   ) 
metallurgical  products  such  as  matte,  blister  copper  and  s  i 

The  roasted  ores,  still  containing  an  excess  of  salt,  are 
for  some  time  with  water  and  pieces  of  iron  in  the  rotat 
The   salt  dissolves   in  the    water  and    the    brine   dissc 
chloride,  the   iron  reducing  this   to   metallic  silver,  fen 
being  at   the  same  time  reduced   to  ferrous  chloride,    i 
chloride    to    the    cuprous    salt.     Consequently    ferric    i 
chlorides  are  not  present  to  act  injuriously  afterwards  in 
part  of  the  mercury  into  mercurous  chloride  and  causin  i 
mercury. 

In  the   case  of  metallurgical  products  rich  in  coppe: 
large  quantities  of  copper  salts  are  always  found  after  n 
metallic  iron  is  replaced  by  copper,  as  if  iron  were  use: 
precipitate  finely  divided  copper,  which  in  this  conditio] : 
taken  up  by  the  mercury.     Copper  in  lumps 
is  only  attacked  by  mercuiy  to  a  slight  extent. 
The  silver  set  free  is  taken  up  by  mercury, 
which  is  added  some  hours  afterwards. 

The  arrangement  of  an  amalgamating  barrel 
is  shown  in  Fig.  599.  It  consists  of  a  barrel  of 
oak  or  pine  placed  horizontally,  and  fi-om  3 
to  4  feet  in  diameter  in  the  belly  and  3  to  5 
feet  long,  having  an  iion  plate  and  gudgeon  p^^ 

at    either  end.       The  gudgeons  rest  on  bear- 
ings, and  the  barrel  can  be  rotated  by  a  toothed  wheel  a 
For  the  sake  of  greater  durability,  as  well  as   to  secure 
admixture  of  the  contents,  the  barrels  are  provided  in  their 
with  wooden  plugs  projecting  internally.   The  filling  and  ei 

^  K.  Winkler,  Europdische  AmtUganuUion  der  SUbererze^  Freiberg 
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the  barrel  is  effected  through  theopeningrf,  which  can  be  closed  wiih 
a  wooden  plug  by  means  of  a  stirrup  and  screw. 

An  amalgamating  plant  with  4  barrels  is  shown  in  Figs.  600  ami 
601 ;  q,  5  are  the  barrels  {Quickfdsser)  which  can  be  rotated  by  the 


toothed  wheels  h,h;  v,v  are  the  charging  hoppers  with  hose  pipes  at 
their  lower  ends  for  introducing  the  materials,  o  is  a  spout  from  wbicb 
mercury  is  led  into  the  barrels,  which  is  provided  with  a  separate 
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plug  hole  for  each  barrel,  another  spout  leading  from  this  to  the  plug 
hole  of  the  barrel.  The  amalgam  is  run  oflF  into  the  trough  n  by  the 
tube  V,  which  can  be  connected  with  the  plug  hole  in  the  barrel  by 
means  of  a  hose  pipe. 

About  3  cwts.  of  water  are  introduced  into  the  barrel,  10  to  14 
cwts.  of  finely-divided,  roasted  ore,  and  about  1  cwt.  of  iron  in  pieces 
about  1  inch  cube,  in  the  shape  of  cubes  with  rounded  comers  and 
edges ;  the  barrel  is  thrown  into  gear  with  the  driving  axle  and  wheel 
and  rotated  for  2  hours  at  10  to  12  revolutions  per  minute.  During 
this  time,  as  previously  mentioned,  the  reduction  of  the  silver  to  the 
metallic  state  occurs,  and  the  reduction  of  ferric  and  cupric  chlorides 
to  ferrous  and  cuprous  salts.  Chlorides  of  cobalt,  nickel,  zinc  and 
manganese  are  not  attacked.  The  ore  pulp  in  the  barrel  at  the  end 
of  this  time  is  of  the  consistency  of  honey  and  in  the  proper  uniform 
condition  for  successfol  amalgamation.  The  barrel  is  now  thrown  out 
of  gear,  firom  3  to  5  cwts.  of  mercuiy  are  added  and  it  is  again  set 
in  motion  and  allowed  to  run  for  18  or  20  hours  at  the  rate  of  20  to 
22  revolutions  per  minute.  During  this  period  the  liberated  silver 
is  converted  into  amalgam  and  any  remaining  silver  chloride  is 
decomposed.  Galvanic  action  between  the  mercury  and  iron  is  set 
up  by  the  solution,  the  temperature  rising  to  30"*  C. 

For  the  purpose  of  separating  the  amalgam  firom  the  residue,  the 
barrel,  which  up  to  this  time  has  been  two-thirds  full,  is  completely 
filled  with  water  and  rotated  at  the  rate  of  8  or  9  revolutions  per 
minute  for  2  hours.  A  small  hose  is  then  attached  to  an  opening  in 
the  plug  which  had  been  closed  up  to  now  with  an  iron  pin,  and  the 
amalgam  is  drawn  oflF  by  the  tube  v  into  the  trough  n.  From  this  it 
flows  into  an  amalgam  reservoir,  and  after  the  amalgam  has  been  run 
off,  the  whole  plug  is  withdrawn  and  the  entire  contents  of  the  barrel 
are  run  off  by  means  of  the  trough  t  into  a  vat,  where  the  last 
portions  of  amalgam  are  separated  by  washing.  The  remaining 
liquor  is  run  into  settling  tanks,  evaporated  and  crystallised  for 
Glauber's   salt. 

The  amalgam  obtained  is  washed  in  bowls  or  troughs,  and  then 
pressed  in  canvas  bags  to  separate  the  excess  of  mercury.  If  the 
amalgam  is  simply  filtered,  the  mercury  draining  away  only  contains 
0'06  per  cent,  of  silver,  whilst  the  mercury  obtained  on  pressing  the 
^.nialgam  will  contain  1*12  per  cent,  of  silver.  The  amalgam 
produced  at  Freiberg  by  filtration  through  canvas  contained  10  to 
12  percent,  of  silver  and  4  to  6  per  cent,  of  copper,  lead  and  antimony. 
The  amalgam  is  retorted  in  cast-iron  tubes  or  in  a  bell  apparatus. 
The  loss  of  mercury  in  the  barrel  process  of  amalgamation  is 
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small  and  amounts  to  0*044  to  0*09  per  cent,  of  the  mercury  used,  or 
22  to  45  per  cent,  of  the  silver  obtained. 

The  loss  of  silver,  including  that  incurred  in  roasting,  retorting 
the  amalgam  and  refining  the  bullion,  amounts  to  fix)m  5  to  10  per 
cent,  of  the  silver  content  of  the  ore. 

At  Freiberg,  ores  containing  from  0*09  to  0*26  per  cent,  of  silver 
were  roasted  in  charges  of  5  cwts.  with  about  10  per  cent,  of  salt,  the 
operation  being  conducted  in  small  double-hearthed  reverberatory 
furnaces,  and  lasting  4  to  5  hours.  The  charge  for  the  barrels  was 
made  up  of  10  cwts.  of  roasted  ore,  3  cwts.  of  water,  1  cwt.  of  iron  and 

5  cwts.  of  mercury.  The  total  loss  of  mercury  in  the  process  amounted 
to  0*044  per  cent,  of  the  quantity  used,  or  22  per  cent,  of  the  silver 
obtained  ;  the  loss  of  silver  was  3  to  4^  per  cent. 

At  Arany-Idka  in  Hungary,  where  the  process  was  until-  recently 
in  operation,  the  ores,  which  consisted  chiefly  of  Jamesonite  with 
0*35  to  0*45  per  cent,  of  silver,  1  to  2  per  cent,  of  copper,  1*5  to  3 
per  cent,  of  lead,  0*3  to  0*5  per  cent,  of  zinc,  10  to  14  per  cent  of 
antimony,  and  a  little  gold,  were  roasted  in  a  double-hearthed  Hun- 
garian furnace.  The  charge  for  the  barrels  was  made  up  of  10  to  14 
cwts.  of  roasted  ore,  1  cwt.  of  iron,  3  cwts.  of  water,  and  2f  cwts.  of 
mercury.  The  loss  of  mercury  amounted  to  0*09  per  cent,  of  the  total 
weight  used,  and  the  residue  contained  only  0004  per  cent,  of  silver. 

In  America,  the  process  has  only  been  used  in  a  few  insfe^nces, 
in  Mexico,  Nevada  and  Colorado. 

At  the  Pelican  Reduction  Works,  Georgetown,  Colorado,  ores 
containing  lead  with  0*5  per  cent,  of  silver  and  25  to  30  per  cent, 
of  zinc  are  dry  stamped  and  roasted  in  batches  of  34  cwts.  for  10  to 
12  hours  in  a  BrUckner  calciner.  After  the  lapse  of  this  time  salt  is 
added  to  the  amount  of  6  to  10  per  cent,  of  the  weight  of  the  ore, 
and  the  roasting  continued  for  from  4  to  6  hours  longer.  The 
roasted  mass  is  then  sieved  and  the  lumps  crushed  and  re-roasted,  and 
the  fine  portions  are  amalgamated  in  barrels  4  feet  in  diameter  and 

6  feet  6  inches  long,  in  charges  of  1  ton.  Mercury  is  added  to  the 
extent  of  10  per  cent,  of  the  weight  of  the  ore  and  the  amalgamation 
lasts  for  18  hours,  the  mercury  being  added  after  the  lapse  of  2  hours 
from  the  beginning  of  the  rotation.  The  loss  of  mercury  is  1  lb.  per 
ton  of  ore,  and  90  per  cent,  of  the  silver  is  obtained. 

Amalgamation  of  Copper  Mattes^ 

From  the  year  1832  to  1849  the  Mansfeld  copper  matte  was  treated 
by  the   amalgamation    process   at   the  Gottesbelohnungs  Hiitt^  at 

*  K.  Winkler,  op,  ciL 
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Hettstadt.     The  process  was  introduced  in  place  of  the  desilverising 

of  black  copper  by  liquation,  and  was  in  its  turn  superseded  by 

the  Augustin  process.     The  characteristic  of  this  process  consisted  in 

the  chloridising  of  the  silver  being  partially  effected  in  the  wet  way. 

The  copper  matte  containing  0*26  per  cent,  of  silver  was  stamped, 

ground  and  sieved.     The  finer  portions  were  roasted  in  lots  of  3  cwts. 

on  the  upper  hearth  of  the  Mansfeld  reverberatory  calciner  and  then 

desulphurised  on  the  lower  hearth,  the  silver  being  then  chiefly  in  the 

metallic  state  and  the  copper  as  oxide.     The   roasted   matte   was 

mixed  with  a  solution  of  salt  (8  per  cent,  of  salt  on  the  weight  of  the 

roasted  ore)  and  12  per  cent,  of  lime  to  a  thin  mud,  well  dried  and 

then  ground.     This  operation  (called  Eimsumpfen)  effected  a  partial 

chloridising  of  the  silver,  the  copper  and  iron  chlorides  formed  being 

decomposed  by  the  lime  with  the  production  of   hydrates  of  the 

metals. 

The  ground  and  dried  pulp  was  then  subjected  to  another  roasting 
operation  in  the  same  fomace  with  the  object  of  completing  the 
chloridising  of  the  silver,  and  the  roasted  mass  was  amalgamated 
in  barrels.  The  liquors  obtained,  which  were  rich  in  common  salt, 
arising  partly  from  the  mutual  action  of  sodium  sulphate  and  calcium 
chloride,  were  used  again  for  the  second  stage  of  the  process.  The 
^washed  residue  was  smelted  in  a  shaft  furnace  for  blister  copper. 

The  loss  of  silver  in  the  process  amounted  to  11  or  12  per  cent., 
the  greater  part  of  this  remaining  behind  with  the  copper. 

The  Amalgamation  of  Black  Copper 

This  process  was  formerly  employed  in  Hungary,  but  at  the 
3t>efanshUtte,  where  it  was  until  recently  in  use,  it  has  been  super- 
loded  by  an  electrolytic  process. 

In  order  to  obtain  the  copper  in  a  finely  divided  form,  it  was 
L  edited  to  redness,  and  either  stamped  into  granules  or  pounded  with 
k^'^ooden  hammers  as  soon  as  it  was  heated  to  the  pasty  stage. 

The  powdered  material  was  then  ground  and  sieved,  and  the 
TXdT  portions  roasted  with  salt  in  a  Hungarian  reverberatory  furnace, 
\\^  silver  being  converted  into  chloride  partly  through  the  direct 
ctiion  of  the  common  salt  and  partly  by  the  agency  of  copper  chloride, 
•hilst  the  sodium  of  the  salt  was  converted  into  soda.  Towards  the 
3>xxolusion  of  the  process,  the  heat  was  increased  in  order  to  decom- 
^^4^6  any  basic  salts.  The  roasting  operation  could  be  accelerated  by 
■^  ^uldition  of  p3rrites  or  ferrous  sulphate.  In  this  case  the  chemical 
(^ix^tions  were  those  ordinarily  involved  in  the  roasting  of  metallic 
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sulphides,  together  with  a  reaction  between  the  sulphates  and  the 
common  salt  and  also  an  evolution  of  chlorine  and  hydrochloric  acid 
from  the  common  salt,  owing  to  the  action  of  sulphuric  anhydride 
upon  it. 

The  roasted  material  was  amalgamated  in  revolving  barrels,  copper 
balls  being  used  instead  of  pieces  of  iron,  as  otherwise  finely  divided 
metallic  copper  would  be  precipitated,  and  in  this  condition  would  be 
taken  up  by  the  mercury.  In  this  way  an  amalgam  rich  in  copper 
would  be  produced,  which  on  heating  would  give  rise  to  a  bullion  rich 
in  copper;  the  use  of  copper  balls  prevents  this,  as  copper  in  large 
pieces  is  only  slightly  taken  up  by  mercury.  The  copper  reduces 
silver  from  silver  chloride,  and  reduces  cupric  and  ferric  chlorides  to 
cuprous  and  ferrous  salts. 

At  Stefanshiitte  at  Kaschau,  the  crushed  black  copper  was  mixed 
with  10  per  cent,  of  common  salt  and  roasted  in  charges  of  5|  cwts. 
in  a  double-hearthed  Hungarian  reverberatory  furnace,  the  chaige 
remaining  10  hours  on  the  upper  hearth  and  5  hours  on  the  lower 
one.  The  roasted  mass  was  then  sieved  and  the  finer  portions  treated 
in  lots  of  12  to  15  cwts.  with  1  cwt.  of  copper  balls,  warm  salt  solution 
and  some  milk  of  lime,  for  two  hours  in  amalgamating  barrels.  After 
this  time  4  cwts.  of  mercury  were  added  and  the  amalgamation  kept 
up  for  18  hours.* 

A  similar  process  was  in  use  at  Schmollnitz,  working  with  black 
copper  containing  0*37  to  0*5  per  cent,  of  silver,  the  amalgamation 
residue  being  washed  and  afterwards  smelted  for  its  copper. 

Winkler  gives  the  loss  of  silver  at  3f  per  cent.,  of  which  2J  per 
cent,  is  due  to  silver  remaining  behind  with  the  copper  residues ;  the 
loss  of  mercury  amounted  to  0*1  per  cent,  of  the  weight  of  the  black 
copper  worked. 

In  the  case  of  black  copper  firee  fix)m  lead  and  gold,  the  amalgama- 
tion process  is  superior  to  the  method  of  leading^  but  if  lead  be 
present,  it  finds  its  way  into  the  amalgam  and  the  gold  is  incompletely 
extracted  by  the  mercury. 

The  amalgamation  process  for  black  copper  is  now  entirely  super- 
seded by  wet  methods,  such  as  the  Augustin  process  and  sulphuric 
acid  extraction,  and  electrolytic  methods. 

The  Amalgamation  of  Speiss 

For  this  treatment  the  speiss  must  be  first  roasted  in  order  to 
eliminate  the  arsenic  and  antimony  present,  and  then  submitted  to  a 
chloridising  roasting  with  an  addition  of  salt  and  ferrous  sulphate. 

^  K.  Winkler,  op.  ck. 
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In  the  chloridising  roasting  the  common  salt  converts  the 
metallic  silver  as  well  as  silver  arseniate  and  antimoniate  into 
chloride.  Any  basic  arseniates  of  the  base  metals  are  also  con- 
verted into  chlorides,  and  the  higher  chlorides  of  copper  and  iron 
thus  produced  act  in  their  turn  as  chloridising  agents  on  the  silver 
compounds. 

Ferrous  sulphate  accelerates  the  operation,  the  sulphuric  anhy- 
dride evolved  from  it  liberating  chlorine  and  hydrochloric  acid  from 
the  salt,  and  the  ferric  chloride  produced  exerting  its  chloridising 
action  upon  the  silver. 

In  the  amalgamation  of  cupriferous  speiss,  copper  is  used  in  place 
of  metallic  iron. 

The  process  of  speiss  amalgamation  was  formerly  used  at  Ober- 
schlema  in  Saxony,  and  StefeinshUtte  in  Upper  Hungary.  At 
Oberschlema,^  the  speiss  containing  cobalt  and  arsenic  was  first 
roasted,  and  the  arsenical  fumes  condensed  in  " poison  chambers"  and 
the  roasted  mass  was  powdered  and  sieved.  The  fine  material  was 
then  roasted  for  6  hours  in  charges  of  4  to  4^  cwts.  with  the  addition 
of  8  per  cent,  of  salt  and  2  per  cent,  of  dehydrated  ferrous  sulphate, 
the  roasted  product  sieved,  and  the  finer  portions  amalgamated  in 
rotating  barrels  with  pieces  of  metallic  iron.  The  larger  pieces  were 
crushed  and  again  roasted  with  the  addition  of  2  per  cent,  of  salt  and 
0*5  per  cent,  of  ferrous  sulphate. 

At  the  Stefanshutte  7  to  9  cwts.  of  crushed  antimony  speiss  from 
the  smelting  of  feihl-ore  containing  27  per  cent,  of  copper,  62  per  cent, 
of  antimony,  9  per  cent,  of  iron,  1  to  2  per  cent,  of  sulphur,  and  0*2  to 
0*28  per  cent,  of  silver,  were  roasted  at  a  low  temperature  for  5  hours 
in  a  Hungarian  furnace.  The  roasted  material  was  then  riddled, 
crushed  and  sieved,  and  the  fine  material  in  charges  of  7  cwts.  was 
roasted  together  with  limestone  for  5  hours  on  the  upper  hearth  of 
a  Hungarian  furnace,  and  then  for  a  similar  length  of  time  on  the 
lower  hearth.  On  the  lower  hearth,  coal  was  added  to  assist  in  the 
elimination  of  the  antimony,  and  the  roasting  was  continued  for 
4  hours  after  the  addition  of  7  per  cent,  of  salt. 

After  the  chloridising  roasting,  the  mass  was  amalgamated  in 
rotating  barrels  in  quantities  of  12  cwts.  It  was  first  treated  for  5 
hours  with  2  per  cent,  of  salt  and  1  cwt.  of  copper  balls  and  a  little 
lime  to  neutralise  any  free  acid ;  after  this  4  cwts.  of  mercury  were 
added,  and  the  rotation  of  the  barrels  continued  for  15  hours  more. 
The  residues  after  washing  were  worked  up  for  copper  matte.  The 
loss  of  mercury  amounted  to  0*06  per  cent,  of  the  total  quantity  used, 

*  Winkler,  op.  cit, 
VOL,  I  3   H 
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the  consumption  of  copper  was  0053  per  cent,  of  the  weight  of  the 
speiss  and  the  jdeld  of  silver  amounted  to  977  per  cent,  of  the 
quantity  present. 

4.  Pan  Amalgamation  {Beese-River  Process) 

The  pan  amalgamation  of  roasted  ores  is  carried  out  in  pans 
which  resemble  in  size  and  general  arrangement  those  used  in  the 
Washoe  process.  The  method  of  separating  the  amalgam  fix>m  the 
residue,  and  the  subsequent  treatment  of  amalgam  and  residue  being 
similar  to  the  corresponding  methods  in  the  Washoe  process,  will  not 
be  considered  again  in  detail.  The  yield  of  silver  is  higher  than  in 
the  Washoe  process,  whilst  the  mercury  losses  are  smaller,  the  silver 
yield  reaching  97  per  cent,  whilst  the  mercury  loss  averages  \  lb.  on 
the  ton  of  ore.  The  process  was  first  used  in  the  Reese-River 
district  in  Nevada,  and  receives  its  name  from  this  circumsfemce ;  it 
is  on  the  whole  a  quicker  process  than  barrel  amalgamation,  and 
gives  at  least  as  good  a  jdeld  of  silver,  and  the  loss  of  mercury  is  not 
any  greater.  Consequently,  it  is  the  process  chiefly  in  use  in  the 
States  for  the  amalgamation  of  ores  that  have  been  subjected  to  a 
chloridising  roasting,  and  has  superseded  barrel  amalgamation  in 
even  the  few  localities  where  it  had  been  introduced. 

The  pans  for  the  process  are  usually  made  of  wood,  as  the  sides  of 
iron  pans  are  quickly  attacked  by  6res  which  have  undergone  a 
chloridising  roasting.  The  roasted  ores  are  generally  put  into  the 
pan  with  water  alone,  without  the  addition  of  reagents,  except  in  the 
case  of  very  badly  roasted  ores,  when  salt  and  copper  sulphate  are 
added  to  decompose  any  silver  sulphide  present.  After  1  or  2  hours 
the  mercury  is  added,  and  during  the  whole  process  the  mullers  in 
the  pan  are  so  raised  that  no  further  grinding  of  the  ore  takes  place, 
the  only  action  of  the  muller  being  to  bring  the  ore  into  intimate 
contact  with  the  mercury. 

The  chemical  reactions  are  similar  to  those  of  the  barrel  process?, 
the  chloride  of  silver  being  reduced  to  metal  in  the  earlier  stages  of 
the  process.  The  iron  is  partly  derived  from  the  wearing  of  the 
stamping  machinery  and  partly  comes  from  the  mullers  and  the  pons, 
the  addition  of  iron  borings  being  quite  exceptionally  necessary.  The 
iron  reduces  the  higher  chlorides  of  copper  and  iron,  and  converts 
any  mercurous  chloride  produced  by  the  action  of  mercury  on  silver 
and  other  metallic  chlorides  to  metal. 

The  chloridising  roasting  of  the  ores  is  chiefly  conducteil  in 
rotating  cylinder  furnaces  (BrUckner,  White,  Howell)  or  in  the 
Stetefeldt  furnace. 


The  entire  plant  is  usually  arranged  in  terraces  in  order  to  avoid 
the  lifting  up  of  material  aa  far  as  possible,  and  the  arrangement  of  one 
of  the  newest  plants  erected  in  I884  by  Messrs.  Fraser  and  Chalmers 


of  Chicago,  lit  the  Granite  Mountain  Mill,  Phillipsburg,  Montana,  is 
fihown  iu  Figs.  602  and  603.  Similar  phtnt  ia  in  use  at  the  Oenenil 
Custer  Mill,  Vienna  Mill  and  the  Atlanta  Mill  in  Idaho,  with  this 
difference,  that  at  the  three  latter  places,  BrUckner  furnaces  are  used 
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for  roasting  instead  of  Howell  fiimaces,  and  the  machinery  at  the 
Atlanta  Mill  is  driven  by  water  power. 

The  ore  is  carried  up  to  the  floor  n  by  the  lift  I  and  emptied  on 
to  a  grizzly.  The  material  falling  through  passes  to  the  feeder  b  of 
the  drying  apparatus  c,  which  is  of  the  rotating  cylinder  type.  The 
larger  pieces  are  crushed  by  the  stone  breaker  a,  and  then  go  with  the 
rest  to  the  dryer.  The  ore  from  this  is  fed  into  the  dry  stamps  e  by 
means  of  the  feeder  d,  and  the  stamped  ore,  delivered  f]X)m  both  sides 
of  the  mortar,  is  carried  by  screw  conveyors  s,  s  to  an  elevator,  which 
raises  it  to  a  hopper  j  over  the  roasting  furnace.  From  this  it  is 
conveyed  by  screw  conveyors  to  the  White-Howell  roasting  furnace, 
and  the  roasted  material  discharged  at/  is  left  on  the  drying  floor 
t  to  cool.  From  this  it  is  conveyed  by  lines  of  rails  x  and  y  to  the 
pans  p,  from  which  after  the  amalgamation  it  is  nin  into  the  settlers  z. 
D  is  the  retorting  plant  for  the  amalgam.  K  and  M  are  the  boilers 
and  engine,  and  Q  and  0  are  the  chimneys  of  the  drying  and 
roasting  furnaces. 

All  modern  plants  are  arranged  similarly,  though  the  revolving 
drying  and  roasting  furnaces  may  be  replaced  by  Stetefeldt  furnaces, 
the  Lexington  Mill  at  Butte  City,  Montana,  one  of  the  best  arranged 
works  of  the  kind,  having  furnaces  of  the  latter  type.  The  details  of 
working  at  this  mill,  which  was  visited  by  the  author  in  1892,  may  be 
quoted  as  typical. 

The  ores  worked  at  the  Lexington  Mill  occur  in  veins  in 
granite,  having  an  average  thickness  of  4  feet.  They  are  com- 
posed of  a  mixture  of  copper  pyrites,  iron  pyrites,  peacock  copper, 
copper  glance,  a  little  fahl-ore,  galena,  zinc  blende,  mispickel, 
proustite,  pyrargyrite,  free  silver  and  gold,  with  quartz,  manganes«e 
carbonate  and  silicate,  and  smaller  amounts  of  calcite  and  chalybite. 
In  1891  the  average  silver  content  was  0*0886  per  cent.  (285  ounces 
per  ton)  and  the  amount  of  gold  00018  per  cent.  (0*58  ounce 
per  ton). 

The  ore  is  crushed  by  a  stone  breaker  with  jaws  from  1|  to  2 
inches  apart  and  then  freed  from  moisture  in  a  Stetefeldt  drying 
furnace.  The  salt  is  also  dried  in  the  Stetefeldt  furnace,  20  tons 
of  ore  or  6  to  7  tons  of  salt  being  dried  in  24  hours,  and  the  ore  is 
charged  into  the  mortars  of  the  stamp  mills  whilst  still  hot.  The 
drying  furnace  has  five  terraces  each  7  feet- long  and  5  feet  6  inches 
broad,  and  98  cords  of  wood  are  used  in  drying  2450  tons  of  ore  and 
290  tons  of  salt ;  but  in  winter,  when  the  purchased  ore  contains 
snow  and  ice,  about  50  per  cent,  more  fuel  is  required  than  in  sum- 
mer.    The  stamp  mill  consists  of  60  stamps,  50   for  crushing  ore 
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and  10  for  salt,  and  the  mortars  are  of  the  double  dischar 
screens  on  the  charging  side  being  of  brass  wire  gauze,  i 
opposite  side  of  perforated  steel  plate.     They  last  from  IS 
and  have  24  holes  per  linear  inch.     The  stamps  weigh  '. 
the  height  of  fall  is  8  inches,  and  the  number  of  blows  p<  i 
92  to  95.     The  cams,  tappets  and  stamp  heads  are  of  ca  I 
shoes  of  tough  white  iron,  and  the  dies  of  hard,  tougl 
These  iron  portions  last  from  3  to  4  months.     The  ca  i 
stamp  averaged  1'7  tons  of  ore  per  24  hours  in  the  year 
salt  is  also  stamped  hot,  but  the  stamps  are  lighter  than 
for  the  ore,  and  the  screens  for  the  salt  contain  400 
square  inch. 

The  crushed  ore  is  mixed  with  10  per  cent,  of  salt  anc 
a  Stetefeldt  fiimace  32|  feet  in  working  height,  squa 
section,  and  4  feet  wide  in  the  narrowest  part  and  6  i ; 
widest.     Forty  tons  of  ore  are  roasted  in  24  hours  wi  t 
sumption  of  2J  to  3  cords  of  wood,  and  three  men  are  ]  ^ 
attend  to  the  furnace,  two  of  them  being  occupied  with 
drawal  of  the  ore  from  it. 

The  silver  of  the  ore  is  chloridised  in  the  furnace  to  th  i 
at  least  80  per  cent.,  or  93  to  94  per  cent,  including 
chloridising  on  the  cooling  floor.     About  20  per  cent,  ci 
present  is  volatilised  in  the  roasting  operation.     The  o: 
from  36  to  48  hours  on  the  cooling  floor,  in  order  to  allow 
chloridising  to  go  on. 

The  ore  is  next  put  into  the  amalgamating  pans,  m 
wooden  sides,  in  quantities  of  1|  tons.  Water  is  added 
pulp  has  the  consistency  of  thick  mud,  and  the  muUers  a: 
two  hours.  Mercury  is  now  added  to  the  extent  of  10  per  c 
weight  of  the  ore,  and  the  muUers  are  further  run  for  anoth 
The  pulp  is  now  diluted  with  water  as  previously  describe^ 
into  the  settlers.  From  the  settlers  it  is  run  into  an  ag 
then  run  to  waste.  There  are  20  pans,  10  settlers  and  ] 
The  amalgam  is  treated  as  described  under  the  Washoe  pr< 
The  steam  engine  is  of  180  horse-power,  and  9  tons  of  c 
hours  are  required  for  the  boilers. 

The  total  loss  of  mercury  amounts  to  6  J  to  8  ounces  p 
ore.  The  yield  of  silver  reaches  97  per  cent.,  the  average  fo 
1891  being  93*3  per  cent.,  and  the  yield  of  gold  which  coll 
the  silver  amounts  to  60  per  cent.  The  tailings  in  1891 
1'94  ounces  of  silver,  and  01 6  ounce  of  gold  per  ton.  Tl 
of  the  amalgam  is  much  deteriorated  by  the  presence  of  le; 
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the  ores  contain  more  than  5  per  cent,  of  lead  the  process  cannot  be 
worked  successfully. 

At  the  Alice  Mill  in  Butte  the  ore  is  first  crushed  and  then 
roasted  in  Howell  furnaces.  The  stamp  weighs  950  pounds,  it  makes 
92  drops  a  minute  and  puts  through  daily  1"33  tons.  The  screen 
has  24  meshes  to  the  linear  inch.  The  Howell  furnace  puts  through 
30  to  35  tons  of  ore  in  24  hours,  200  pounds  of  salt  going  to  1  ton  of 
ore.  The  charge  in  the  pans  is  4000  pounds  and  the  amalgamation 
lasts  8  hours,  92  per  cent,  of  the  silver  content  of  the  roasted  ores 
passing  into  the  amalgam.^ 

5.  Tina  Amalgamation  {Francke-Tina  Process) 

The  Tina  amalgamation,  introduced  into  Bolivia  by  the  German 
Consul  Francke,  consists  in  an  amalgamation  of  roasted  ore  in 
wooden  vats  or  tinas  provided  with  copper  bottoms  and  mullers  with 
copper  shoes.  Portions  of  the  pan  walls  are  also  covered  with  copper. 
The  pan  contents  are  heated  by  steam  and  the  process  differs  from 
the  Reese-River  method  in  that  copper  is  used  in  place  of  iron,  and 
salt  is  added  to  the  roasted  ore  in  the  Hnas. 

The  chemical  reactions  are  similar  to  those  of  the  barrel  pnx^^ 
where  copper  balls  are  used,  or  to  those  of  the  Cazo  process,  the 
chloride  of  silver  of  the  roasted  ore  dissolving  in  the  salt  solution  and 
being  reduced  by  metallic  copper.  The  latter  also  reduces  cupric  and 
ferric  chlorides  to  the  cuprous  and  ferrous  condition  and  prevents 
their  acting  on  the  mercury.  Cuprous  chloride  dissolves  in  the 
common  salt  solution  and  reacts  on  the  silver  of  the  undecomposed 
ore  as  in  the  Krohnke  and  Patio  processes,  the  liberated  silver  being 
taken  up  by  the  mercury. 

The  greater  part  of  the  silver  produced  in  Peru  and  Bolivia  at  pre- 
sent is  obtained  by  this  process,  the  ores  worked  being  chiefly  proustito 
and  pyrargyrite,  often  mixed  with  arsenical  pyrites  and  cassiterite. 
The  ores  are  first  dry  stamped,  and  then  ground  in  ball  mills,  roast^ 
and  treated  in  tinas.  Roasting  is  performed  in  reverberatories  with 
fixed  hearths  ;  rotating  cylinders  have  been  tried  experimentally,  bur 
have  been  given  up  owing  to  the  high  loss  of  silver  they  entail.^  At 
Oruro,  the  furnaces  are  lOi  feet  by  8J  feet,  without  firebox.  The 
charge  of  1000  pounds  is  kindled  by  lighting  a  small  quantity  of 
brushwood  on  top  of  it,  and  the  sulphur  in  the  ore  suffices  for  the 
further  heating.  Each  charge  takes  6  hours  rabbling,  and  just  before 
the  end  of  this  5  per  cent,  of  salt  is  added.     From  86  to  96  per  ct^nt. 

»  Collins,  op.  cit.  p.  120.  «  Ibid.  p.  74. 


At  Huanchaca  and  Playa  Blanca,'  long  three-hearth  reverbera- 
tories,  49  feet  by  15  feet,  put  through  7  to  12  tons  in  24  houra.  The 
firing  is  by  gaa  produced  in  Taylor  generators  from  poor  Chilian  coal, 
the  consumption  of  which  ia  14  per  cent,  of  the  ore.  Kach  furnace 
needs  4  men  in  a  12-hour  shift.  The  ore  is  allowed  to  lie  72  "hours 
on  the  cooling  floor.  The  chlorination  of  the  silver  only  amounts  to 
40  to  50  per  cent.,  some  being  left  as  metal  when  the  roaating  is 
carried  out  carefully.^ 

At  Potosi  *  the  ore  is  roasted  in  kilns  and  the  roasting  completed 
in  little  two-hearth  reverberatoriea,  on  the  upper  hearth  of  which 
oxidising  roasting  takes  place,  whilst  on  the  lower  hearth  combined 
chlorinatioii  and  oxidation  is  brought  about  by  the  addition  of  S  per 
cent,  of  salt  Each  furnace  is  served  by  one  man,  and  puts  through 
2  to  2  J  tons  of  ore  in  24  hours.  No  attempt  is  made  to  completely 
chlorinate  the  silver,  but  the  roasting  is  conducted  so  that  part  of  the 
silver  remains  as  metal,  and  part  as  sulphate,  both  of  which  are 
suitable  for  amalgamation.  According  to  Wendt,  an  ore  chlorinated 
only  to  the  extent  of  20  per  cent,  gave  up  90  per  cent,  of  its  silver  in 
the  tina.  In  the  case  of  pure  silver  sulphide,  salt  need  not  be  added 
either  during  roasting  or  amalgamation. 

Tinas  were  formerly  pans  with  bottoms  and  muUers  of  copper  or 
bronze,  and  the  recent  tinas  resemble  pans  still  more  in  having  some 
}iart6  made  of  iron.  The  most  important  chaage  of  late  has  been  the 
introduction  of  iron  rollers  and  bronze  bottoms.  At  Huanchaca  the 
newest  tijias  are  made  with  bottoms  of  iron  and  with  shoes  and 
cone  of  an  alloy  containing  93  per  cent,  of  copper,  6  per  cent,  of  tin 
and  1  per  cent,  of  zinc,  the  whole  casting  weighing  2640  Iba. 
At  Playa  Blanca  the  muller  and  cone  are  made  of  iron,  and  at  both 
places  the  side  copper  plates  of  the  old  type  have  been  discarded. 
The  bronze  muller  and  plate  had  to  be  changed  after  3  months' 
working ;  in  that  time  they  had  decreased  in  weight  Irom  2640  and 
2420  lbs.  to  748  and  572  lbs.  respectively. 

The  construction  of  the  Una  used  at  Guadalupe  is  shown  in 
Figs.  604  and  605.  The  liiia  T  has  wooden  sides,  the  bottom 
consisting  of  a  copper  plate  3  inches  thick  and  the  height  of  the 
vessel  is  5  feet.  Its  diameter  varies,  according  to  the  weight  of  the 
charge,  from  6  to  12  feet  and  on  the  sides  are  corrugated  copper 

'  Eng.  and  Min.  Joum.  December  26,  1S95. 

'  Collins,  op.  <ii.  p.  74. 

»  Wendt.,  Trajif.  A.I.M.E.  xiic.  p.  99. 


plates  K.  The  miiller  L  is  fiimiahed  with  copper  shoes  S,  is  rotated 
by  the  shaft  and  gearing  w,  and  is  adjustable  as  regards  its  distance 
from  the  pan  bottom  by  the  screw  v.  The  amalgam  and  residue  can 
be  nm  off  at  the  bottom  through  the  opening  y. 

At  the  beginning  of  the  operation,  the  iitui  is  filled  with  water  to 
a  depth  of  12  inches,  and  salt  is  added  in  the  proportion  of  2J  to  3 
cwts.  for  every  ton  of  ore  to  be  worked.     Steam  is  now  introduced,  and 


the  muller  set  going  at  46  revolntions  per  minute.  As  soon  as  the 
solution  boils,  which  is  the  case  after  about  half  an  hour,  the  ore  is 
added,  the  usual  charge  being  2J  tons.  After  running  for  anothtr 
half  hour  the  first  addition  of  mercury  is  made,  followed  by  others  at 
intervals,  as  i,s  found  necessary.  The  mercury  is  usually  added  in 
three  equal  portions,  the  weight  of  each  depending  on  the  nature  of 
the  ores ;  the  second  addition  is  usually  made  about  the  middle  of 
the  process  (which  lasts  from  8  to  12  hours)  and  the  last  nearly  at 
the  end.     With  ores  containing  200  ounces  of  silver  per  ton,  each 
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mercury  addition  weighs  1  cwt.,  ores  with  150  to  175  ounces  receive 
J  cwt  and  ores  with  20  to  30  ounces  (0*06  to  0*09  per  cent.)  44  lbs. 
of  mercury,  in  each  case  for  a  charge  of  2^  tons  of  ore.  At  the  end 
of  8  or  12  hours  the  amalgamation  is  ended,  and  the  tina  is  emptied 
in  the  same  way  as  the  pans.  Each  tina  requires  2J  to  3  horse- 
power, or  1  horse-power  per  ton  of  ore. 

The  loss  of  mercury  in  the  case  of  tinas  made  entirely  of  copper  is 
one-third  of  the  weight  of  silver  yielded,  but  this  has  been  reduced 
by  a  half  in  the  new  machines  with  iron  muUers. 

At  Oruro  the  ores  contain  80  to  100  ounces  of  silver  per  ton  ;  the 
charge  of  ore  is  8000  lbs.,  of  salt  12*5  per  cent,  of  this,  the  weight  of 
mercury  added  is  120  lbs.,  the  time  for  amalgamation  4  to  5  hours, 
and  the  percentage  amalgamated  is  80  to  85.  The  tailings  retain 
8  to  15  ounces  of  silver  per  ton. 

At  Huanchaca,  the  ores  contain  130  ounces  of  silver  per  ton. 
The  charge  is  5500  lbs.  of  ore  with  10  per  cent,  of  salt,  the  mercury 
needed  for  amalgamation  is  120  to  160  lbs.,  and  the  amalgamation 
process  lasts  5  to  6  hours,  82  to  87  per  cent,  of  the  silver  passing  into 
the  mercury.  The  tailings  contain  9  to  12  ounces  of  silver  per  ton. 
The  loss  of  the  mercury  is  one-third  of  the  yield  of  silver,  and  as 
much  copper  is  used  in  the  process  as  there  is  silver  produced.  The 
silver  losses  are  as  follows  : — Transportation  and  grinding  1*5  to  2  per 
cent.,  roasting  3  to  5  per  cent.,  amalgamation  8  to  10  per  cent.,  stealing 
0*1  per  cent.,  melting  0*6  per  cent. — total  13  to  17-5  per  cent.^ 

At  Playa  Blanca,  the  ores  contain  75  to  90  ounces  of  silver  per 
ton,  the  charge  is  5720  lbs.  with  10  per  cent,  of  salt  and  120  to  160 
lbs.  of  mercury.  Amalgamation  lasts  4  to  5  hours  and  90  per  cent, 
of  the  silver  is  amalgamated.  The  tailings  contain  8  to  9  ounces  of 
silver  per  ton  and  the  mercury  losses  are  one-sixth  of  the  silver 
produced. 

1.  Amalgamation  w^th  a  Soluble  Salt  of  Mercury 

This  method  of  amalgamation  has  not  proved  successful.  The 
only  process  using  this  method,  which  has  been  put  into  operation  on 
the  large  scale,  was  that  of  DesignoUe,  which  was  used  for  some  time 
at  Schemnitz  and  Ravaspatak  near  Nagybanya  in  Hungary.  In 
DesignoUe's  process  the  mercury  is  reduced  during  the  operation  by 
the  action  of  metallic  iron  upon  a  solution  of  mercuric  chloride,  and 
the  mercury  thus  formed  amalgamates  more  actively  than  if  it 
were  added  as  metal  in  the  first  instance.     The  essential  features  of 

^  Collins,  op,  cit.  p.  78. 
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the  process  may  be  best  illustrated  by  the  followiiig  experiment: 
If  some  small  pieces  of  gold  or  silver  are  covered  with  a  solution  of 
mercuric  chloride  and  metallic  iron  brought  into  contact  with  the 
precious  metal,  mercury  will  be  precipitated  on  the  latter  and  form 
an  amalgam  with  it. 

The  process  was  carried  out  as  follows:  The  ores  (if  they 
consist,  as  they  do  at  Schenmitz  and  Ravaspatak,  of  silver  sulphide 
and  mixed  sulphides)  are  first  roasted  with  salt,  and  then  treated  in 
horizontal  revolving  cylinders  of  wrought  iron  with  iron  balls  and 
mercuric  chloride  solution.  The  iron  first  precipitates  gold  and 
silver  from  solutions  of  their  chlorides  and  then  liberates  mercurv 

m 

trom  the  mercuric  chloride,  the  mercury  set  fixje  forming  an  amalgam 
with  the  precious  metals.  After  this,  mercury  is  added  to  the  pulp 
to  effect  the  imion  of  the  separate  particles  of  amalgam,  and  the 
contents  of  the  vessel  are  run  into  a  settler,  where  the  greater  portion 
of  the  amalgam  is  collected.  The  ore  pulp  is  then  led  over  copper 
plates  arranged  one  above  the  other  in  a  fixed  wrought-iron  cylinder 
and  lastly  passed  through  two  agitators. 

The  amalgam  is  fi-eed  firom  excess  of  mercury  by  squeezing  in 
canvas  bags  and  is  then  distilled  in  cast-iron  tube  retorts. 

The  mercuric  chloride  is  prepared  by  treating  the  recovered 
mercury  first  with  nitric  acid  and  then  with  hydrochloric  acid  in 
earthenware  vessels. 

In  Schemnitz  and  Ravaspatak,  90  per  cent,  of  the  silver  in  the  ore 
was  obtained,  but  only  60  per  cent,  of  the  gold.  A  considerable  loss 
of  mercury  took  place,  as  a  portion  of  the  mercuric  chloride  escaped 
decomposition  and  was  run  to  waste  with  the  residues,  another 
portion  was  converted  into  calomel  and  also  lost,  and  a  certain 
amount  of  mercury  was  always  floured,  and  in  that  state  could  not 
be  completely  collected. 

The  Designolle  process  might  give  better  results  if  roasting  could 
be  dispensed  with,  as  in  the  chloridising  roasting  of  ores  containing 
gold  a  considerable  loss  is  invariably  experienced.  The  poisonous 
properties  of  mercuric  chloride  and  the  great  loss  of  mercury  also 
prevent  the  process  firom  being  successful.  The  author  inspected  the 
plant  in  1886  at  Schemnitz,  and  in  1887  the  process  was  abandoned 
at  Schemnitz  and  Ravaspatak,  being  replaced  by  a  smelting  or 
leading  process. 

2.  The  Recovery  of  Silver  from  Silver  Amalgam 

The  amalgam,  fi-eed  firom  its  excess  of  mercuiy  by  filtration  or 
more  rarely  by  pressing,  is  next  submitted  to  distillation.     In  this 
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iiperation  the  mercury  volatilises  and  is  condensed,  and  the  silver  and 

base  metals  remain  in  the  residue. 

The  vessels  in  which  the  distillation  is  conducted  are  either  bells, 

upright  or  horizontal  cylinders  of  cast-iron,  or  glass  retorts,  the  hori- 
zontal cylinder  form  having  shown  itself  to  be  the  most  convenient, 
and  being  consequently  chiefly  employed. 

The  bell  shape  was  formerly  used  in  Europe,  and  is  still  in  use  in 
Mexico  and  South  America.  Vertical  cylinders  are  uaed  in  Mexico, 
whibt  in  the  United  States  the  use  of  horizontal  cast-iron  cylinders 
is  almost  universal. 

The  arrangement  of  the  old  Mexican  bell  is  shown  in  Figs.  606 
and  607,  g  being  a  vessel  provided  with  a  depression  h,  through 
which  water  flows  ;  a  is  a  copper  funnel  with  a  rim,  suspended  in  g, 
and  d  is  a  cast-iron  bell  (capellina)  3  feet  high  and  18  inches  in 
ilianieter,  usually  suspended  by  chains,  and  which  can  rest  on  the  rim 


if  the  copper  funnel.  On  the  funnel  mouth  a  grate  b  is  laid,  and  on 
:his  the  amalgam  is  piled  up,  being  made  into  slabs  of  such  a  shape 
hat  six  of  them  can  be  built  into  a  circular  ring.  After  the 
Linalgam  has  been  placed  in  position  the  bell  is  lowered  and  a 
■-ircular  wall  of  brick  built  round  it  with  air-holes /,/ at  the  bottom. 
'n  the  annular  space  of  about  8  inches  broad,  between  the  wall  and 
he  bell,  charcoal  is  put  and  then  ignited,  and  the  distillation  goes  on 
iir  15  hours.  About  5  cwts.  of  charcoal  are  used  in  obtaining  4cwts. 
■f  silver. 

At  the  present  time  in  Mexico,  vertical  or  horizontal  cylindrical 
etfirts  have  almost  entirely  replaced  these  bells. 

The  form  of  bell  formerly  used  at  Fi-eiberg,  but  afterwards 
eplaced  by  horizontal  cylindrical  retorts,  is  shown  in  Fig,  608 ;  a  is  the 
j*.st-iron  bell  set  in  the  vertical  shaft  6,  beneath  which  is  a  vessel  d 
llud  with  water,  and  containing  a  smaller  vessel  e.  Resting  on  the 
ottom  of  the  latter  is  a  vertical  bar  s  with  foot  /,  carrying  on  its 
pper  part  a  series  of  trays  t  for  the  reception  of  the  amalgam.     The 
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space  between  the  belt  and  the  Bide  walls  of  the  shaft  is  titled  witti 
charcoal,  and  when  the  bell  is  heated  the  mercury  condenses  in  the 
water  vessel,  whilst  the  silver  remains  behind  on  the  trays.  The 
charge  of  amalgam  varied  from  2  to  4  cwts. 

In  Mexico  at  the  present  time,  vertical  cylinders  are  principally 
used  for  retorting  the  amalgam  obtained  by  the  Patio  process.  They 
are  made  from  mercury  bottles  with  the  bottoms  removed ;  from  65 
to  75  lbs.  of  amalgam  are  pressed  into  them,  and  they  are  then  placed 
with  the  open  end  downwards  on  similar  bottles  with  both  ends 
removed,  which  are  suspended  in  an  iron  plate,  the  amalgam  being 
prevented  from  falling  from  the  upper  into  the  lower  cylinder  by  an 
interposed  perforated  iron  plate.  The  iron  vessels  are  clay-washed, 
and  the  iron  plate  from  which  the  lower  ones  are  suspended  is 
covered  with  a  layer  of  clay.     The  bottles  are  so  arranged  that  the 


lower  one  stands  in  a  trough  of  water,  and  by  heating  the  upper  bottle 
the  mercury  vapour  passes  through  the  holes  in  the  iron  plate  and 
collects  on  the  bottom  of  the  water  trough  into  which  the  lower 
bottle  dips.  The  heating  is  effected  either  by  charcoal  or  by  the 
flames  from  a  fire ;  in  the  first  case  a  brick  wall  is  built  round  the 
bottles,  and  the  interspace  between  it  and  bottles  is  filled  with  char- 
coal ;  in  the  latter  case,  a  permanent  fire-grate  is  provided. 

Figs.  609  and  610  show  the  arrangement  of  such  a  retorting 
plant  with  a  separate  fire-grate ;  B  is  the  fire-place,  c  the  fire-bridge. 
D  the  water  vessel ;  a  is  the  upper  bottle,  d  the  lower  one,  and  6  the 
iron  plate  from  which  the  lower  bottle  is  suspended.  The  heating 
chamber  is  covered  with  a  movable  lid;  t  is  the  flue,  in  front  of 
which  an  iron  cover,  /  is  placed  during  the  retorting;  g  is  &  wall, 
forming  the  front  side  of  the  furnace,  which  is  pulled  down  aft#r  the 
distillation.     The  distillation  is  finished  when  a  wooden  plate  held 
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wall.  At  the  back  the  retorts  narrow  down  to  2J^  inches  in  diameter, 
and  are  connected  with  a  tube  to  carry  away  the  mercury  vapour. 
This  tube  passes  through  a  cooling  tank  D,  and  the  condensed 
mercury  is  led  into  a  reservoir  B  also  filled  with  water.  The  retorts 
lie  wholly  inside  the  furnace,  their  narrowed  ends  being  supported 
by  the  brickwork  of  the  furnace  and  their  wider  ends  resting  on 
cast-iron  bearers.  At  some  places  two  cast-iron  bearers  are  used,  or 
worn-out  stamp  shafts  from  the  mills  are  used  in  their  place. 

The  amalgam  containing  1  part  of  silver  to  5  or  7  of  mercury,  is 
either  put  into  the  retorts,  in  sheet  iron  trays  fitting  closely  to  the 
retort  walls,  or  else  it  is  charged  in  directly.  The  trays  or  the  retorus, 
as  the  case  may  be,  must  be  given  a  good  coating  of  clay  wash  in 
order  to  prevent  the  silver  sticking  to  them.  The  charge  varies 
according  to  the  size  of  the  retort,  firom  a  quarter  of  a  ton  to  a  ton 
and  the  duration  of  the  operation  varies  from  5  to  10  hours,  §  to  : 
of  a  cord  of  wood  being  used  for  every  ton  of  amalgam.  The 
temperature  is  gradually  raised  to  a  cherry-red,  and  at  this  tempera- 
ture all  the  mercury  down  to  1  to  1 J  per  cent,  is  distilled  off.  At 
higher  temperatures  the  retorts  would  be  blistered  and  distorted,  and 
this  quantity  of  mercury  is  accordingly  sacrificed.  Each  retort  lasts 
from  150  to  300  chaiges. 

To  hasten  the  distillation  a  partial  vacuum  has  be^n  produced  in 
the  retorts  at  some  works  by  the  introduction  of  a  steam  jet  into  the 
condensing-tube.  If  the  end  of  the  condenser  be  connected  with  the 
front  of  the  retort,  then  the  last  portions  of  the  mercury  may  be 
removed,  the  air  originally  present  in  the  retort  keeping  up  a 
circulation  through  retort  and  condenser  and  carrying  with  it  the 
last  portions  of  the  mercury. 

The  silver  obtained  is  generally  refined  in  small  reverberat^^n^ 
furnaces  or,  if  tolerably  pure,  in  crucibles. 

3.  The  Production  of  Silver  by  Precipitation  from 

Aqueous  Solutions 

In  this  method  the  silver  contained  in  ores  or  metallurgical  pro- 
ducts is  first  converted  into  a  compound  soluble  in  water  or  certain 
aqueous  solutions,  a^d  the  silver  is  then  precipitated  as  an  insoluble 
compound  by  suitable  reagents  and  the  precipitate  worked  up  for 
the  metal. 

The  soluble  silver  compound  is  either  the  chloride  which  is  soluble 
in  salt  or  sodium  thiosulphate  solution,  or  else  the  sulphate  which  is 
soluble  in  hot  water,  or  the  double  cyanide  of  silver  and  potassiuui 
which  is  soluble  in  cold  water. 
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From  the  solution  of  silver  chloride  in  brine,  or  from  the  Ijilver 
sulphate  solution,  metallic  silver  is  precipitated  by  means  of  copper, 
from  the  thiosulphate  solution  the  silver  is  precipitated  as  sulphide 
by  sodium  or  calcium  sulphide,  from  the  cyanide  solution  the  silver  is 
precipitated  as  chloride  and  the  precipitate  treated  by  dry  methods. 
Occasionally  the  silver  is  precipitated  from  its  solution  in  chlorides  as 
iodide  of  silver. 

The  principal  processes  in  which  silver  is  obtained  in  solution  in 
the  form  of  chloride  are  the  Augustin  process,  using  brine  as  a  solvent, 
the  I^atera-Process  where  sodium  thiosulphate  is  used,  and  the  Kiss 
process  in  which  calcium  thiosulphate  is  employed.  With  these 
must  be  associated  the  Russell  process,  where  silver,  not  as  chloride, 
but  as  metal  or  sulphide,  is  brought  into  solution  by  the  agency  of 
sodium-copper  thiosulphate. 

The  method  in  which  the  silver  is  converted  into  sulphate  and 
the  latter  dissolved  in  hot  water  is  known  as  the  Ziervogel  process. 
The  cyanide  process  was  proposed  by  Netto. 

Processes  in  which  Silver  is  obtained  in  Solution  as 

Chloride 

It  is  only  in  rare  cases -(as  at  Broken  Hill)  that  the  silver  chloride 
in  the  ores  is  present  to  such  an  extent  as  to  allow  of  their  being 
directly  treated  with  solvents,  and  it  is,  as  a  rule,  necessary  to  convert 
the  silver  into  chloride  by  a  chloridising  roasting.  Endeavours  to 
effect  the  chloridising  of  the  silver  in  the  wet  way  have  not  up  to 
the  present  been  successftil. 

^  As  a  solvent  for  silver  chloride,  sodium  or  calcium  thiosulphate 
has  proved  most  serviceable,  as  the  solubility  of  silver  chloride  in 
Fiqueous  solutions  of  these  substances  is  greater  than  in  salt  solutions. 

These  solution  processes  are,  in  certain  cases,  preferable  to  either 
smelting  or  amalgamation  methods,  as,  for  instance,  where  the  silver 
is  present  as  a  simple  or  mixed  sulphide  and  the  ores  are  either  too 
-ich  in  lead  or  zinc  to  be  properly  worked  by  the  amalgamation 
j-iethod,  or  too  poor  in  lead  and  too  rich  in  zinc  to  be  smelted  with 
;xiccess. 

The  amalgamation  process  requires  a  more  costly  plant  and  a 
rreater  expenditure  of  power,  but  it  has  this  advantage,  that  any 
i^tive  silver  which  may  not  have  been  converted  into  chloride,  or 
iiy  silver  sulphide  present,  is  taken  up  and  amalgamated  by  the 
r:i€^rcury.  Though  by  the  recent  Russell  process  this  particular  ob- 
t_,*ction  is  overcome,  yet  the  method  of  obtaining  metallic  silver  from 
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the  amalgam  is  a  much  simpler  operation  than  the  production  of 
silver  from  its  sulphide,  in  which  condition  it  is  obtained  in  the  Russell 
process.  These  processes,  then,  are  only  indicated  where  amalgama- 
tion processes  are  inapplicable  on  account  of  the  presence  of  too 
much  zinc  and  lead.  It  is  essential,  however,  that  the  ores  shall  not 
contain  too  much  lead,  arsenic  and  antimony,  the  lead  being  con- 
verted into  chloride  and  sulphate  in  the  roasting,  both  of  which  com- 
pounds coat  the  partifcles  of  ore  and  prevent  the  proper  action  of  the 
solvents,  antimony  also  forming  easily  fusible  lumps.  In  addition, 
antimony  and  arsenic  form  arseniates  and  antimoniates  of  silver  in 
the  roasting  operation,  and  these  compounds  are  difficult  to  chloridise 
and  are  not  so  readily  brought  into  solution  by  thiosulphate  as  is  silver 
chloride. 

The  production  of  silver  from  cupriferous  metallurgical  products 
(black  copper,  copper  matte,  speiss)  by  the  Augustin  process  is  now 
only  rarely  practised,  having  been  definitely  superseded  by  the 
Ziervogel  process,  extmction  with  sulphuric  acid,  or  electrolytic 
methods. 

The  AuausTiN  Process 

In  this  process  the  silver  in  the  ores  or  metallurgical  products  is 
converted  into  chloride  by  a  chloridising  roasting,  and  the  chloride 
produced  dissolved  out  by  a  solution  of  salt,  the  silver  being  after- 
wards precipitated  from  this  solution  by  metallic  copper. 

The  fact  that  silver  chloride  is  soluble  in  concentrated  salt  solu- 
tion was  ascertained  by  Wetzlar.  The  mining  juror,  Aug^ustin,  of 
Eisleben,  introduced  the  process  in  the  'forties  into  the  Mansfeld 
works  for  the  extraction  of  silver  from  argentiferous  copper  matte  in 
place  of  amalgamation.  It  was  also  introduced  into  Freiberg  for  the 
extraction  of  silver  from  copper  mattes,  but  has  long  since  been 
abandoned  at  both  places.  At  Mansfeld  it  has  been  replaced  by  the 
Ziervogel  process  and  at  Freiberg  by  the  sulphuric  acid  extraction 
method.  In  its  original  form  the  process  is  worked  at  Kosaka,  in 
Japan.  It  is  still  in  use  at  Kapnik  near  Nagybanya,  in  Hungan, 
for  ores,  and  is  worked  in  combination  with  the  Patera  and  Kiss 
process  under  the  name  of  the  Bittsanszky  process.  This  combined 
process  has  recently  been  introduced  into  the  Altai  Mountains  in 
Siberia  (Bemaul).  At  Tajowa  near  Neusohl  (Besterzebanp), 
Hungary,  it  was  used  up  till  1893  for  working  argentiferous  black 
copper.     In  the  States  it  has  never  come  into  permanent  operation. 

According  to  Russell's  experiments  100  parts  of  solid  salt  dissolved 


in  water  take  up  04  part  of  silver  chloride.^  According  to  A.  Vogel'a 
researches  (page  461)  one  litre  of  saturated  salt  solution  dissolves  0'95 
gram  of  silver  chloride  at  the  ordinary  temperature,  or  127  grams  at 
19-6°  C.  according  to  H.  C.  Hahn  and  W.  M.  Curtis.  The  solubility 
of  silver  chloride  in  brine  is  far  less  than  in  solutions  of  calcium  or 
magnesium  chlorides,  The  solubility  in  brine  ia  the  same  for  all 
temperatures  down  to  6°  C,  but  diminishes  below  this  temperature. 

Augustin's  process  can  consequently,  on  account  of  the  compara- 
tively slight  solubility  of  silver  chloride  in  brine,  only  be  used  for 
ores  when  worked  in  conjunction  with  the  Patera  process,  and  it 
should  only  quite  exceptionally  be  used  for  working  up  metallurgical 
products. 

With  the  object  of  extracting  gold  as  well  as  silver,  Roszner  and 
Patera  have  suggested  the  use  of  brine  saturated  with  chlorine,  but 
this  method  has  not  come  into  use.  The  use  of  an  after  lixiviation 
with  sodium  or  calcium  thiosulphate  has  proved  to  be  the  best  method 
for  the  extraction  of  the  gold. 

The  roasting  is  carried  out  in  reverberatory  furnaces  in  a  similar 
manner  to  the  roasting  which  precedes  amalga- 
mation. 

The  dissolving  of  the  silver  chloride  from 
the  roasted  material  is  effected  in  wooden 
vats  with  wooden  gratings  or  perforated  false 
bottoms,  having  a  filter  or  layer  of  filtering 
material  resting  on  them.  The  construction 
of  such  a  vat  formerly  in  use  at  Freiberg  is 
shown  in  Fig.  614.  The  false  bottom  6,  made 
of  perforated  planks,  rests  on  the  wooden  cross  fio.  ah, 

piece  a,  and  over  it  is  a  layer  of  bnishwood,  on 

which  is  laid  the  filtering  cloth  kept  in  place  by  a  wooden  hiwp  fitting 
tightly  to  the  sides  of  the  vat.  The  material  to  be  lixiviated  is  placed 
on  the  top  of  this,  and  the  solution  percolates  through  and  runs  out  at 
the  opening  (f. 

Fig.  615  shows  a  vat  used  at  Tajowa  in  Hungary  for  the  extraction 
of  argentiferous  black  copper  which  has  undergone  a  chloridising 
roasting.  On  the  false  bottom  a  layer  of  birch  twigs  1  inch  deep 
is  placed,  and  on  this  the  cloth  filter.  A  perforated  float  x 
distributes  the  liquid  evenly  over  the  material  in  the  vat,  which 
holds  2J  cwts.  of  roasted  material,  and  is  provided  with  two  exits  v 
and  w,  the  first  rich  liquor  being  run  off  through  ic,  and  the  poorer 
liquid  and  the  wash  water  through  v.  Below  the  vat  is  a  bourd  y  by 
»  Trans.  A.l.M.E.  xiii.  p.  53. 
VOL.   1  3   I 
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which  any  liquor  that  may  overflow  is  conveyed  into  the  troiigh  it. 
From  n  the  liquors  flow  into  a  precipitating  vat. 

The  more  recent  form  of  lixiviating  vats  used  for  the  thioswlphnk 
extraction  in  the  United  States  is  described  below.  They  are  am- 
siderably  larger  and  hold  as  much  as  50  tons  of  ore,  the  diameter 
varying  from  10  to  15  feet  and  the  depth  from  3  to  6  feet. 

After  the  roasted  ore  has  cooled  and  has  been  sieved,  it  is  put 
into  these  vats,  which  are  generally  arranged  side  by  side  on  trestit*, 
and  then  salt  solution  is 
run  in.  The  salt  sohitinn 
is  contained  in  a  reservoir 
placed  at  a  higher  level 
than  the  vats,  and  can 
if  necessarj'  be  heat*Kl 
by  steam  ;  it  percolate 
through  the  material  in 
the  vats,  dissohnng  out 
the  silver  chloride,  and 
runs  out  from  an  exil 
pipe  at  the  bottom  intu 
a  spout,  thence  into  a 
settling  tank,  and  from 
this  it  flows  into  the 
precipitating  vessel.  The 
salt  solution  is  allowed 
to  flow  through  until  » 
plate  of  copper  placed  in 
\  the  liquor  for  a  quarter  of 
anhourceases  tobeoMit^-d 
with  a  bluish  deposit  "f 
metallic  silver.  The  rv- 
sidue  is  then  washed  witti 
hot  water  and  emplie<l 
out  of  the  vats. 

The  precipitating  vats  are  of  similar  construction  to  the  lixiviating 
vessels,  and  several  are  usually  placed  in  series,  one  below  the  other. 
The  copper  acts  best  when  granulated,  the  smaller  grained  material 
being  put  into  the  upper  vessel  and  the  larger  pieces  in  the  liwfr 
one. 

■  A  precipitation  plant  with  three  vats  is  shown  in  Fig.  616,  thi> 
liquors  flowing  from  the  gutter  H  into  the  uppermost  vessel,  awi 
then  through  a  tap  into  the  second,  and  similarly  into  the  third  cue. 
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Elach  vat  has  also  an  overflow  spout  7  leading  into  the  vessel  below 
it,  and  the  granulated  copper  rests  on  the  wooden  false  bottoms,  of 
which  there  are  two  in  the  lowest  vat.  From  the  bottom  vat  the 
liquor  flows  into  a  tank  filled  with  scrap  iron,  in  order  to  precipitate 
the  copper.  In  the  three  precipitating  vats  there  will  be  about  2  cwts. 
of  copper,  and  in  place  of  pure  copper,  granulated  argentiferous  black 


Fiu.  Olt). 


copper  may  be  used  and  its  silver  content  thus  obtained  at  the  same 
time. 

In  the  precipitation  of  the  silver,  cuprous  chloride  is  produced 
which  dissolves  in  the  salt  solution.  If  the  liquors  remain  long  in 
the  tanks,  some  copper  oxychloride  is  formed,  which  renders  the 
precipitated  silver  impure.  The  silver  forms  a  felt-like  layer  of  small 
crj^stals  on  the  copper,  but  if  the  liquor  is  too  hot  (over  70°  C.)  then 
the  silver  separates  out  in  such  a  dense  and  finely-divided  condition 
as  to  retard  the  progress  of  the  filtration.     This  precipitated  silver, 

3  I 


852  METALLURGY 

which  is  known  as  cement  silver,  is  rendered  impure  by  the  presenct* 
of  basic  copper  and  iron  compounds,  and  particularly  by  lead  chloride. 
From  time  to  time  it  is  removed  from  the  copper,  washed  in 
a  sieve  with  hot  water  to  dissolve  lead  chloride,  and  then  with  hydro- 
chloric acid  to  dissolve  basic  salts,  and  lastly  melted  in  plumbago 
crucibles. 

The  liquors  remaining  after  the  precipitation  of  the  copper 
are  exposed  to  the  air  for  a  time,  in  order  to  separate  the  iron 
as  a  basic  salt,  and  are  then  used  again  for  extracting  the  silver 
chloride. 

The  Augustin  process  is  applied  to  the  extraction  of  silver  from 
ores  at  Kosaka  in  Japan,  and  in  combination  with  the  Patera  process 
at  Kapnik,  Nagybanya,  Hungary,  the  ores  after  the  chloridising 
roasting  being  first  extracted  with  a  salt  solution,  and  then  with  a 
solution  of  sodium  thiosulphate. 

At  Kosaka^  the  ores  average  10*25  ounces  per  ton  of  silver  and 
contain  in  addition : — 


Silica 2700 

Lead     .    .    .    . 

.    .    .  4  42 

Alumina    ....    1*85 

Copper     .    .    . 

.    .    .  0*23 

Iron 7  41 

Zinc 

.  2-44 

Lime OSO 

Silver     .    .    . 

.    .    0*036 

Barium  Sulphate  .  49*28 

Sulphur    .    .    . 

.    .    .  2*66 

Magnesia  ....    0*35 

The  ore  is  roasted  for  1  hour  in  long-bedded  furnaces  27  feet  bv 
12  feet,  with  the  addition  of  4  per  cent,  of  salt.  The  charges  are 
1700  lbs.  each,  and  the  total  amount  treated  at  one  time  5100  11». 
Seventy-five  per  cent,  of  the  silver  is  chlorinated,  and  the  loss  is  given 
as  7  per  cent.  The  vats,  which  hold  2  tons  of  ore,  are  made  of 
wood  and  are  elliptical  in  shape,  7  feet  long,  5  feet  wide  and  2^  feet 
deep ;  the  false  Ijottom  is  of  wood  perforated  with  holes  1  inch  in 
diameter.  The  filter  is  made  of  two  layers  of  straw  mats,  and  the 
leaching  is  performed  with  a  hot  18  per  cent,  solution  of  brine.  Thi^ 
takes  lOJ  hours,  each  vat  requiring  41  cubic  feet  of  liquid,  or  20i 
cubic  feet  per  ton  of  ore.  After  draining  oflF  the  brme,  the  ore  i^ 
washed  for  1  hour  with  water.  The  liquor  runs  into  settling  tank< 
and  then  into  precipitating  vats  made  of  brickwork  and  cemented 
inside.  These  vats  are  arranged  in  two  rows ;  they  are  125  feet  long 
and  are  divided  into  8  sections,  so  that  the  removal  of  the  silver,  which 
takes  place  once  a  month,  can  be  carried  on  without  interrupting  thf 
process.     They  are  fitted  with  false  bottoms  upon  which  is  laid  a 

"^  Columbia  College  School  of  Mines  Quarterly ,  zv.  p.  355. 
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2-inch  covering  of  granulated  copper,  and  upon  this  plates  of  copper 
8  inches  long,  6  inches  wide  and  1  inch  thick.  Under  these  vats  are 
vessels  containing  scrap-iron  to  precipitate  copper,  and  the  liquor  flows 
from  these  into  a  well,  where  it  is  brought  to  its  original  strength  by 
the  addition  of  salt. 

The  cement  silver  is  pressed  in  a  screw  press  into  cakes  1  foot  in 
diameter  and  3^  inches  thick;  these  are  dried  and  then  cupelled 
on  a  Portland  cement  hearth  in  quantities  of  125  to  170  lbs.  with  300 
lbs.  of  lead.  The  refined  silver  is  granulated,  melted  in  plumbago 
crucibles,  then  cast,  and  the  bullion,  985  fine,  sold  to  the  mint  at 
Osaka.     The  yield  of  silver  for  the  year  1891  was  78*6  per  cent. 

The  combined  process,  used  at  Kapnik  in  Hungary^,  consists  at 
present  in  a  chloridising  roasting  of  the  ores,  extiuction  with  brine 
followed  by  sodium  calcium  thiosulphate,  and  precipitation  of  silver 
and  gold  from  these  solutions.  It  is  especially  applicable  in  the  case 
of  silver  ores  which  cannot  be  worked  in  the  dry  way  because  of  the 
amount  of  zinc  they  contain,  and  in  the  case  of  ores  poor  in  lead  and 
gold.  The  Eapnik  ores  are  half  silver  ores  with  0058  per  cent,  of 
auriferous  silver,  11  per  cent,  of  zinc  blende  and  yielding  20  per  cent, 
of  matte  and  half  " sulphur  slimes "  containing  0058  per  cent,  of 
auriferous  silver,  26  per  cent,  of  zinc  blende,  5  per  cent  of  lead  and 
yielding  70  per  cent,  of  matte. 

The  method  of  working  is  as  follows : — The  ores  are  mixed 
so  that  they  contain  2*5  per  cent,  of  lead,  18  per  cent,  of  zinc 
blende,  0*3  per  cent,  of  copper,  0057  per  cent,  of  silver  carrying 
0*6  per  cent,  of  lead,  and  equal  to  45  per  cent,  of  matte,  and  are  dried 
over  the  dust  chambers  of  the  reverberatories.  They  are  then 
sieved,  mixed  with  16  per  cent,  of  salt  and  roasted  first  in  so-called 
"  self-heating  "  furnaces,  and  afterwards  in  reverberatories.  This  new 
method  of  roasting  has  proved  very  advantageous,  as  it  removes  the 
need  of  a  chloridising  roasting  after  extraction,  and  brings  up  the 
yield  of  gold  to  94*65  per  cent. — the  same  as  the  yield  of  silver. 

The  "  self-heating  "  furnaces  resemble  the  Mal(5tra  furnace ;  they 
have  seven  shelves  arranged  one  above  the  other,  with  a  fire  grate  at 
the  lower  end,  and  six  furnaces  are  combined  in  one  block.  The  salt  is 
added  to  the  ore  at  different  stages,  viz. : — 6  per  cent,  in  charging  the 
self-heating  furnaces,  6  per  cent,  (on  the  fourth  shelf)  during  the 
roasting,  2  per  cent,  during  the  roasting  in  the  reverberatory  furnace, 
and  2  per  cent,  (mixed  with  1  per  cent,  of  pyrolusite)  immediately 
before  drawing  the  charge. 

^  Vortrag  von  Sigmund  Kurovsky  a.  d.  montanistischen  u.  geologischen  Millen> 
iuius  Congress  in  Budapest,  September,  1896. 
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The  ore  remains  35  hours  in  the  self-heating  furnaces,  2  cwls. 
being  drawn  from  each  block  of  furnaces  every  50  minutes,  the  same 
amount  of  fresh  ore  taking  its  place.  A  block  of  6  furnaces  works  off 
3  tons  of  ore  in  24  hours.  Before  passing  on  the  mass  to  the  rever- 
beratory  furnaces  to  complete  the  chloridising  reaction,  the  sintered 
lumps  are  removed  by  sieving,  and  crushed  and  added  to  the  main  mass. 
This  is  mixed  with  2  per  cent,  of  salt,  and  roasted  4  hours  in  reverber- 
atory  furnaces  having  2  working  hearths.  The  charges  are  1  to  I'l 
tons,  and  6  tons  are  worked  off  in  each  furnace  in  24  hours. 

The  salt  and  pyrolusite  added  before  drawing,  promote  the  after- 
chloridising  of  the  gold  and  silver,  which  takes  place  in  cooling  pits 
holding  100  cubic  feet.     This  reaction  is  expressed  by  the  equation  : — 

4NaCl  +  MnO^ + 2SO2 +02  =  2Na2SO, + MnCl^ + Cl^. 

The  chlorine  liberated  in  this  way  combines  with  silver  and  gold 
which  has  been  set  free  by  secondary  reactions. 

The  roasted  mtiss  contains  chlorides  of  silver,  cuprous  and  cupric 
copper,  zinc,  lead,  iron  and  sodium,  sodium  sulphate  and  neutral  and 
bfisic  metallic  sulphates,  oxides,  and  small  quantities  of  undecomp<»st'd 
sulphides.  It  is  leached  with  brine,  then  with  sodium  calcium  thio- 
sulphate  solution,  in  wooden  vats  holding  432  cubic  feet  eiich.  Of 
these  vats  ther^  are  20,  with  a  working-area  of  300  square  yards  fur 
3  furnace  blocks  and  2  reverberatories.  These  vats  have  false  bottoms 
of  wicker-work  covered  with  linen  ;  they  hold  2|-  to  3  tons.  The 
brine  removes  the  greater  part  of  the  silver  chloride,  the  remainder, 
along  with  most  of  the  gold  chloride,  metallic  gold  and  silver  and  the 
zinc  chloride,  is  dissolved  out  by  the  thiosulphate  solution.  This 
combined  method  of  leaching  means,  of  course,  a  considerable  saving 
in  thiosulphate  and  a  corresponding  Siiving  in  cost  over  the  onlinar}' 
leaching  with  thiosulphate  only. 

The  brine  solution  is  warmed  by  a  steam-worm,  and  has  a  density 
of  20°  to  22°  B.  The  leaching  is  earned  on  for  4  days,  and  the  residue 
still  contains  24  to  32  per  cent,  of  its  original  content  of  silver  and 
gold — relatively  more  of  gold,  the  auriferous  silver  of  the  original  orv 
containing  0*06  per  cent,  of  gold,  that  of  the  residue  0*1  to  012 
per  cent. 

The  thiosulphate  treatment  lasts  2  days.     The  solvent  iiction  '^f 

fhis  body  on  silver  chloride  may  be  represented  thus : — 
4  AgCl  +  (3Na,S.,03,3CaS,03)  =  ( Ag2Ca,[S.P3]3,Ag.,S203)  +  2'SaSfi, 

+  2NaCl  +  CaCU. 
The  gold  is  said  to  form  a  double  salt  of  the  composition 

]  2(3Na  ,8,03, AuSpa)  +  (3CaS ,0,  M^fi^)  +  H^O. 
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The  residue  after  this  extraction  contains  0*0005  to  0001 5  per  cent, 
of  auriferous  silver  caiTying  0*06  per  cent,  of  gold.  The  ratio  of  silver 
to  gold  is  thus  the  same  in  the  residue  as  in  the  original  material. 

The  silver  is  precipitated  from  the  brine  solution  by  means  of 
iron,  thus : — 

2NaCl,AgCl  +  Fe  =  2NaCl  +  FeCl^ + Agg. 

The  precipitate  contains  2'265  per  cent,  of  silver,  which  bears  1'3 
per  cent,  of  gold,  and  in  addition  18  to  20  per  cent,  of  copper,  and  15 
to  16  per  cent,  of  lead.  It  is  treated  by  leading.  The  precipitation  is 
carried  out  first  in  round  earthenware  pots  1  foot  8  inches  in  diameter 
and  2  feet  high,  and  then  in  troughs  13  feet  long  and  16  inches  wide. 
The  pots  hold  350  lbs.  of  iron  each,  and  are  arranged  (462  in  all)  in 
33  groups,  the  brine  being  led  in  near  the  bottom  of  each  pot  by  an 
inch  lead  pipe.  There  are  12  troughs  holding  together  11*5  tons  of 
old  iron,  and  the  brine  is  forced  to  flow  in  a  winding  stream  through 
these  by  means  of  partitions. 

The  precipitation  from  the  thiosulphate  solution  by  means  of 
sulphides  of  sodium  and  calcium  may  be  represented  by  the  equation  : — 

Ag,Ca,(S  A)3>Ag2S,03 + Na,S  +  CaS,  =  3CaS203 
^^"  +  NaaSgOg + 2  AggS  +  S^. 

The  precipitate  contains  1*3  per  cent,  of  auriferous  silver  can-ying 
1  to  1*2  per  cent,  of  gold,  and  4  to  5  per  cent,  of  lead,  and  the  pre- 
cipitation is  carried  out  in  wooden  vats,  of  which  there  are  65,  each 
3  feet  3  inches  in  diameter  and  4  feet  3  inches  high.  The  precipita- 
tion residues  from  the  brine  and  the  thiosulphate  solution  are  added 
to  work- lead  on  the  cupellation  hearth,  whereby  25  to  30  per  cent,  of 
the  gold  and  silver  pass  into  the  lead  and  the  remainder  into  the 
copper  scums.  After  this  addition  the  lead  contains  1  to  2  per  cent, 
of  silver  and  is  cupelled.  The  scum  which  contains  0*6  to  0*7  per 
cent,  of  silver  and  gold  is  smelted  in  shaft  furnaces  with  litharge,  old 
hearths  and  quartzose  and  iron  additions  and  yields  a  rich  lead  con- 
taining 0*4  to  0*5  per  cent,  of  silver  and  gold,  and  a  matte  with  25-30 
per  cent,  of  copper,  8-10  per  cent,  of  lead,  and  0*08-0' 1  per  cent,  of 
silver. 

The  flue  dust  from  the  roasting  furnaces  weighs  3  per  cent,  of 
the  ore  roasted,  and  contains  silver  and  its  chloride,  along  with  the 
chlorides,  oxides  and  sulphates  of  copper,  lead  and  zinc.  It  is  extracted 
with  hot  water  and  the  solution  is  treated  with  iron.  The  extracted 
residue  contains  0*07  to  0*075  per  cent,  of  gold-bearing  silver,  and  15 
to  16  per  cent,  of  lead,  and  the  precipitate  contains  0*035  per  cent,  of 
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silver,  15  to  20  per  cent,  of  copper  and  10  to  12  per  cent,  of  lecwl. 
Both  these  products  are  sold  to  other  works. 

The  thiosulphate  solution  is  prepared  by  heating  caustic  soda, 
slaked  lime  and  flowers  of  sulphur  in  iron  pots,  and  then  allowing  the 
sulphide  mixture  to  oxidise  by  standing  in  air.  The  equations  for 
the  two  reactions  are  : — 

2NaOH  +  Ca(OH)2+5S,  =  Na2S+CaS5+2SH2+2S02. 
NajjS  +  CaSj + 30^  =  Na2S203,CaS203. 

This  solution  is  only  made  once,  as  it  is  regenerated  during  the  pre- 
cipitation of  silver  from  it  by  sodium  and  calcium  sulphides. 

The  following  table  shows  the  yields  by  the  various  operations  for 
the  year  1894. 

Silver  per  cent.     Gold  per  cent. 

Cement  silver  from  the  brine 69*70  16*34 

Sulphide  precipitate  from  the  thiosulphate 

solution 20-82  "Sl-O? 

Extractioti  of  the  flue  dust 3*94  29*09 


94*46  96-50 

The  solution  costs  about  9-6  pence  per  hundredweight  of  ore 
treated ;  the  total  cost  of  the  process  including  leading,  scum  smelting 
and  cupellation,  but  exclusive  of  general  charges  amounted  to  about 
12  pence  per  hundredweight  of  ore. 

At  Mansfeld  and  Freiberg,  silver  used  formerly  to  be  extracted 
from  copper  mattes  by  the  Augustin  process,  but  this  has  long  ago 
been  replaced  in  Mansfeld  by  the  Ziervogel  process,  and  at  Freiberg 
by  the  method  of  extraction  with  sulphuric  acid. 

In  former  years,  at  the  works  of  the  Boston  and  Colorado  Smelt- 
ing Company  at  Black  Hawk,  Colorado,  copper  mattes  containing 
25  ounces  of  silver  per  ton  were  routed  according  to  the  Ziervogel 
method,  and  freed  from  the  silver  sulphate  in  them  by  extraction 
with  hot  water,  and  were  afterwards  roasted  with  salt  and  lixi\iated 
with  brine  in  order  to  obtain  the  remainder  of  the  silver.  This  pro- 
cess is  now  abandoned,  and  at  the  company's  works,  which  have 
been  removed  from  Black  Hawk  to  Argo,  Denver,  the  mattes  are 
smelted  for  fine  metal  and  copper  bottoms,  and  the  fine  metal  is 
treated  by  the  Ziervogel  process. 

The  Augustin  process  was  applied  for  a  time  to  the  extraction  of 
silver  from  speiss  at  the  StefanshUtte  in  Upper  Himgary,  but  was 
abandoned  on  account  of  the  imperfect  extraction  it  afforded.  There 
was  not  only  a  considerable  loss  of  silver  owing  to  volatilisation,  but 
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large  quantities  of  arseniate  and  antimoniate  of  silver  were  formed 
which  were  only  imperfectly  dissolved  by  the  salt  solution. 

The  Augustin  process  was  in  use  up  to  the  year  1893  for  the  pro- 
duction of  silver  from  argentiferous  blister  copper  at  Tajowa,  near 
Neusohl,  in  Upper  Hungary.  The  method  is  now  no  longer  used,  as 
it  is  found  to  be  more  advantageous  to  employ  electrolytic  methods, 
or  if  the  price  of  copper  sulphate  is  high  and  sulphuric  acid  can  be 
obtained  cheaply,  exti-action  by  the  latter  is  preferable. 

One  condition  necessary  for  the  successful  working  of  black 
copper  by  the  Augustin  process  is  the  absence  in  it  of  all  but  small 
quantities  of  antimony  and  lead. 

At  Tajowa,  black  copper  with  80  to  84  per  cent,  of  copper,  0*3  to 
0*36  per  cent,  of  silver  and  3  to  7  per  cent,  of  antimony  was  worked, 
as  well  as  black  copper  from  Schemnitz  with  70  to  80  per  cent,  of 
copper,  0*2  to  025  per  cent,  of  silver  and  9  to  15  per  cent,  of  lead. 

The  black  copper  was  allowed  to  cool  after  tapping  until  it 
reached  the  pasty  stage,  and  was  then  spread  on  an  iron  plate  and 
pounded  up  with  wooden  hammers.  The  ma^  was  sieved  and  the  fine 
material  roasted.  The  pieces  remaining  on  the  sieve  were  sorted,  the 
finer  portions  up  to  the  size  of  linseed  were  ground,  the  coarser 
lumps  stamped  to  powder,  and  the  powdered  material  was  then  sieved 
afresh,  the  finer  portions  re-roasted  and  the  coarser  portions  ground 
up  fine. 

The  various  grades  of  crushed  black  copper  were  so  mixed  that  the 
lead  content  did  not  exceed  7  per  cent.,  and  the  roasting  was  conducted 
in  a  Hungarian  fiimace  with  two  hearths,  the  charge  weighing  5  cwts. 

The  construction  of  the  Hungarian  reverberatory  furnace  is  shown 
in  Figs.  617-620,  a  being  the  lower,  h  the  upper  hearth  and  c  the  fire- 
place. The  products  of  combustion  pass  over  the  lower  hearth  first, 
then  through  the  passage  d  and  over  the  upper  hearth,  leaving  the 
latter  through  the  flue  6,  and  passing  through  the  flue  dust  chambers 
y  into  g  and  away  to  the  chimney  ;  i,  i  are  the  working  openings, 
in  front  of  which  are  rollers  A*,  k  to  facilitate  the  working  of  the 
rabble.  The  ore  after  having  been  roasted  for  the  proper  time  on 
the  upper  hearth  is  pushed  through  the  passage  A  on  to  the  lower 
hearth,  where  the  roasting  is  completed.  The  flue  dust  collecting  in 
the  chambers  falls  through  passages  n,  n  on  to  the  floor  p^  whence 
it  may  be  removed  through  q. 

The  material  to  be  roasted  was  mixed  with  15  percent,  of  salt  and 
put  on  the  upper  hearth,  where  it  became  red  hot  in  an  hour.  It  was 
kept  thoroughly  stirred,  and  after  from  7  to  10  hours  it  was  raked 
through  on  to  the  lower  hearth,  where  it  was  heated  and  thoroughly 
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rabblud  for  3J  houra  with  frequent  additions  of  coal  dust  (np  to  ipcr 
cent.)  to  decompose  any  antimoniates  present.  The  heat  was  then 
raised  to  bright  redness  and  tnaintained  at  that  point  for  a  couple  of 
honrs  in  order  to  decompose  basic  salts.  After  this  the  firing  was 
discontinued,  the  mass  raked  through  for  J  to  1  honr,  and  then  the 


after-chloridising  was  allowed  to  go  on  in  the  furnace.     Altogether  the 
charge  remained  for  10  hours  on  the  lower  hearth. 
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The  silver  chloride  was  formed  in  the  roasting,  partly  by  the  direct 
action  of  salt  on  metattic  silver,  soda  being  formed  at  the  same  time, 
and  partly  by  the  action  of  cupric  chloride  upon  silver,  cuprous 
chloride  being  produced. 


The  roasted  material  was  sieved  whilst  hot,  the  fine  portions  being 
put  into  the  lixiviating  vats  whilst  still  hot,  and  the  coarser  pieces 
ground  up  and  abided  to  a  fresh  roasting  charge. 
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The  charge  for  a  lixiviating  vat  amounted  to  IJ^  cwts.,  and  the  salt 
solution  was  used  at  a  temperature  of  10  to  15°  C.,as  by  using  a  cold 
solution  considerably  less  chloride  of  lead  and  chloride  of  antimony  are 
dissolved  than  with  a  hot  solution.  In  this  way  the  consumption  of 
salt  was  diminished,  and  the  precipitated  silver  obtained  in  a  purer 
state,  as  these  salts  partly  separate  out  first.  A  hot  salt  solu- 
tion also  dissolves  more  cuprous  chloride  than  a  cold  one,  so  that 
by  using  the  latter  the  precipitated  silver  will  contain  less  cuprous 
chloride  and  basic  copper  salts.  During  the  extraction  the  salt  solu- 
tion was  allowed  to  flow  continually  through  the  mass ;  the  lixiviation 
was  finished  in  30  to  36  hours,  and  after  that  the  residue  was  washed 
with  hot  water,  and  after  washing  contained  only  0005  to  0*01  per 
cent,  of  silver.  It  consisted  chiefly  of  copper  oxide  and  was  smelted 
up  for  coarse  copper. 

The  liquors  containing  the  silver  flowed  along  a  trough  into  the 
precipitating  vats  shown  in  Fig.  616.  The  precipitated  silver  formed 
a  felt-like  layer  of  small  crystals  some  2  inches  thick  on  the  granu- 
lated copper  used  as  a  precipitant ;  this  was  removed  periodically, 
washed  in  a  sieve  with  hot  water,  or,  if  necessary,  with  hydrochloric 
acid  to  free  it  from  basic  salts,  pressed,  dried  and  melted  in  plumbago 
crucibles.     The  silver  obtained  was  982  fine. 

The  desilverised  liquors  traversed  a  long  series  of  troughs  con- 
taining scrap  iron  in  order  to  precipitate  the  copper.  The  pre- 
cipitated copper  obtained  still  contained  a  little  silver  and  was  in 
consequence  submitted  along  with  the  black  copper  to  a  chloridising 
roasting. 

The  liquors  freed  from  copper  were  used  again  for  dissolving  out 
silver  chloride,  but  were  previously  freed  from  the  lead  chloride  and 
iron  salts  they  contained.  The  lead  was  precipitated  by  means  of  zinc, 
as  the  presence  of  lead  chloride  acts  injuriously  upon  the  solvent 
capacity  of  the  liquor  for  silver,  and  the  iron  salts  were  deposited  as 
insoluble  basic  compounds  on  allowing  the  liquors  to  stand  for  some 
time  exposed  to  the  air.  The  liquors  together  with  the  wash  waters 
freed  from  copper  were  collected  in  a  reservoir  and  pumped  into 
another  reservoir  at  a  higher  level,  from  which  they  ran  into  the  vats. 
After  being  in  use  for  10  or  12  months  they  were  run  to  waste. 

The  Patera  Process 

In  this  process  the  argentiferous  ores  first  undergo  a  chloridising 
roasting,  the  silver  chloride  is  then  dissolved  out  by  a  solution  of 
sodium   thiosulphate,   the   silver  precipitated   as    sulphide   by  the 
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addition  of  sodium  sulphide  and  the  precipitated  sulphide  worked  up 
for  the  metal.  The  precipitation  of  the  silver  by  means  of  metallic 
copper  is  not  feasible,  as  sodium  thiosulphate  solution  dissolves  both 
metallic  silver  and  copper.  Silver  sulphide  is,  however,  insoluble  and 
the  use  of  sodium  sulphide  as  a  precipitant  also  regenerates  sodium 
thiosulphate.  According  to  RusselP  the  solvent  power  of  sodium 
thiosulphate  for  silver  chloride  is  100  times  greater  than  that  of  com- 
mon salt,  for  100  parts  of  thiosulphate  (Na2S203,5H20)  dissolve  40 
parts  of  silver  chloride  and  the  same  quantity  of  salt  only  dissolves 
0*4  part  of  the  chloride.  The  dissolving  power  of  calcium  thiosul- 
phate is  91*5  per  cent,  of  that  of  sodium  thiosulphate. 

The  use  of  thiosulphates  as  solvents  for  silver  chloride  was 
suggested  by  Hauch  in  1846  and  by  Percy  in  1850,  but  Patera  was 
the  first  to  introduce  its  employment  on  the  large  scale  at  the  works 
at  Joachimsthal  in  Bohemia  in  1858.  Kiss  in  1860  introduced  the 
use  of  calcium  thiosulphate  in  place  of  the  sodium  salt  at  Schmollnitz 
in  Hungary,  precipitating  the  silver  as  sulphide  by  means  of  calcium 
sulphide  and  in  this  way  also  regenerating  the  original  solvent. 
Hofmann  proposed  the  combination  of  the  two  processes — solution  with 
sodium  thiosulphate  and  precipitation  with  calcium  sulphide. 

In  both  cases  the  thiosulphate  solution  decomposes  the  silver 
chloride  and  forms  a  soluble  double  salt,  sodium-silver  thiosulphate 
or  calcium-silver  thiosulphate. 

In  Europe  for  a  long  time  the  Kiss  process  was  given  the  prefer- 
ence over  the  Patera  process  because  calcium  thiosulphate  and  sulphide 
were  cheaper  than  the  corresponding  sodium  salts,  and  it  was  supposed 
that  any  metallic  gold  in  the  ore  was  only  dissolved  by  the  calcium  salt 
and  not  by  sodium  thiosulphate.  When,  however,  it  was  shown  that 
the  sodium  salt  dissolved  gold  as  readily  as  the  calcium  one,  both 
processes  came  into  use.  In  Europe,  where  most  of  the  silver  is  pro- 
duced by  smelting  with  lead  ores,  neither  of  the  processes  is  used  to 
any  extent.  Since  the  Joachim  works  have  been  shut  down,  the  only 
place  where  the  Patera  process  is  in  use,  in  conjunction  with  the 
Kiss  and  Augustin  processes,  is  at  Kapnik,  Nagybanya,  Hungary.  The 
Kiss  process  is  still  in  use  at  some  small  private  works  near 
Nagybanya. 

In  the  United  States,  the  Patera  process  of  extraction  with  thio- 
sulphates was  introduced  in  1874  by  Kustel  at  Melrose  in  California, 
and  afterwards  by  O.  Hofmann  into  several  works  in  California, 
Nevada,  and  Arizona.  At  all  these  works  it  has  been  abandoned, 
but  in  Nevada,  at  the  Bertrand  Mill,  where  it  was  introduced  in  1882, 

1  Trans.  A,LM,E,  xiil  p.  53. 
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and  at  the  Mount  Cory  and  the  Cortez  Mills,  where  it  was  starts  in 
1883  and  1885  respectively,  it  is  still  in  use. 

It  was  introduced  into  Mexico  in  1868  and  is  in  use  at  several 
works. 

In  order  to  be  available  for  treatment  by  the  Patera  process  the 
ores  must  not  be  too  rich  in  lead,  copper  or  calcspar.  In  roasting,  the 
lead  is  converted  into  chloride  and  sulphate,  and  both  salts  fuse  in 
presence  of  silver  chloride,  and  coat  particles  of  undecomposed  ore ; 
they  also  go  into  solution  with  the  silver,  so  that,  in  precipitating 
with  sodium  sulphide,  lead  sulphide  is  thrown  down  with  the  silver. 

Copper  also  goes  partly  into  solution  (as  sulphate  and  chloride) 
and  is  precipitated  as  sulphide  with  the  silver,  so  that  the  presence  of 
these  two  metals  renders  the  silver  sulphide  precipitate  very  impure. 
Calcspar  is  partially  converted  into  quicklime  in  roasting  and  the  latter 
reduces  silver  from  silver  chloride,  and  diminishes  the  solubility  of  most 
silver  compounds  in  the  thiosulphate  solution,  lessening  the  tendency 
of  silver  to  form  soluble  double  salts.  Caustic  lime  also  precipitators 
any  lead  present  as  hydrate,  and  this  coats  the  particles  of  silver 
chloride  with  an  insoluble  skin  and  prevents  perfect  lixiviation. 

Up  to  a  certain  extent  the  injurious  action  of  the  lead  and  copper 
may  be  prevented  by  extracting  the  soluble  salts  with  hot  water 
before  treatment  with  the  thiosulphate  solution.  Russell  also  has 
discovered  that  lead  may  be  precipitated  as  carbonate,  insoluble  in 
thiosulphate  solution,  by  the  addition  of  carbonate  of  soda.  Copper 
is  particularly  injurious  if  it  is  present  in  the  ores  together  with  lead, 
because  silver  is  more  difficult  to  separate  from  a  precipitate  con- 
taining lead  and  copper  sulphides  than  if  only  copper  and  silver 
sulphides  were  present. 

Antimony  and  arsenic  do  not  act  so  injuriously  as  in  the  Augustin 
process,  because  arseniate  and  antimoniate  of  silver  give  up  their 
precious  metal  to  thiosulphate  solutions.  Any  metallic  silver  present 
in  the  ores  or  produced  during  the  roasting  is  also  dissolved  by  thio- 
sulphate solution,  though  undecomposed  sulphide  of  silver,  or  its 
compounds  with  arsenic  and  antimony  sulphides,  is  not  attacked  by 
thiosulphate. 

It  is  only  rarely  that  thiosulphate  solutions  are  used  to  dissolve 
silver  chloride  existing  already  in  the  ore,  and  they  are  generally  used 
for  ores  containing  simple  or  compound  sulphides  of  silver  which 
have  undergone  a  chloridising  roasting.  They  have  also  been  used  in 
Mexico  for  the  extraction  of  tailings  from  the  amalgamation  procesw 

The  process  is  not  used  for  the  extraction  of  silver  from  metal- 
lurgical products. 
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The  extraction  of  silver  chloride  existing  already  in  the  ore  by 
means  of  sodium  thiosulphate  solution  is  in  use  at  Broken  Hill,  New 
South  Wales.  The  ores  containing  lead  carbonate,  chloride  and 
iodide  of  silver,  embolite  and  native  silver  are  first  concentrated,  and 
the  tailings  which  contain  a  considerable  amount  of  silver  compounds 
are  extra<;ted  in  the  large  American  vats,  to  be  subsequently  described, 
with  sodium  thiosulphate  solution,  which  dissolves  the  chloride  and  a 
part  of  the  iodide  of  silver.  The  silver  is  precipitated  from  the  liquors 
with  sodium  sulphide,  the  precipitate  dried,  roasted  in  a  small  rever- 
beratory  furnace  and  thrown  into  a  lead  bath. 

As  silver  iodide  was  found  to  be  but  imperfectly  soluble  in  the  thio- 
sulphate solution,  leaching  without  previous  wasting  was  abandoned. 
At  present  ^  both  undressed  siliceous  and  ferruginous  oxidised  ores, 
which  contain  silver  in  the  form  of  iodide  and  chlorobromide,  and  the 
tailings  from  dressed  oxidised  ores,  are  chloridised  and  leached  first 
with  water  and  then  with  sodium  thiosulphate.  Lead,  copper  and  silver 
are  thrown  out  fi'om  the  aqueous  solution  by  iron,  and  the  thiosulphate 
solution  is  first  treated  with  sodium  carbonate  to  precipitate  the  lead, 
and  then  with  sodium  sulphide  to  throw  down  the  silver  as  sulphide. 

The  roasting  is  performed  in  a  Howell  revolving  furnace  33  feet 
long  and  4  feet  3  inches  in  diameter,  which  holds  a  2  ton  charge  and 
puts  through  30  tons  in  24  hours,  the  charge  remaining  f  of  an  hour 
in  the  fiimace.  The  ore  is  mixed  with  7  per  cent,  of  salt ;  it  contains 
11  ounces  of  silver  per  ton,  and  is  chloridised  to  the  extent  of  80  per 
cent.  The  loss  of  silver  is  said  to  be  under  6  per  cent.  The  coal 
consumption  is  9  per  cent,  of  the  ore. 

The  wooden  leaching  vats,  described  in  detail  later,  are  16  feet  in 
diameter  by  9  feet  deep,  and  hold  50  tons  when  filled  to  within  a 
foot  of  the  top.  As  canvas  filters  stop  up  so  readily,  the  filter  is 
made  of  coarse  quartz  sand,  resting  on  matting,  and  supported  on  a 
false  bottom  covered  with  old  sacks.  Two  rows  of  precipitation  vats, 
10  feet  in  diameter  and  9  feet  high,  stand  below  the  leaching  vessels, 
the  upper  row  being  used  for  the  carbonate  precipitation,  the  lower 
for  the  sulphide. 

The  chloridised  ore  averages  4  per  cent,  of  lead  and  12  ounces  of 
silver  per  ton.  An  analysis  gave  the  following  composition  (in  per- 
centages) : — Silica,  78*42 ;  alumina,  014  ;  ferric  oxide,  8*62 ;  man- 
ganous  oxide,  5*07;  zinc  oxide,  1'26;  lead  chloride,  3*76;  silver 
chloride,  0*042 ;  sodium  chloride,  2*48.  This  ore  is  first  extracted  for 
1^  hours  with  hot  water,  12  cubic  feet  being  used  per  ton  of  ore. 
This  removes  the  salts  of  the  commoner  metals,  but  only  part  of  the 

>  Collins,  op.  cit.  p.  232. 
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lead  chloride.  The  liquor  passes  on  to  the  precipitating  vats  where 
the  lead,  copper  and  silver  are  thrown  out  by  old  iron.  This  pre- 
cipitate averages  60  per  cent,  of  lead  and  500  ounces  of  silver  per  ton. 

After  the  residue  has  been  washed  with  water,  it  is  treated  for  48 
hours  with  a  1  per  cent,  solution  of  sodium  thiosulphate,  63  cubic  feet 
of  the  liquor  going  to  1  ton  of  ore.  After  the  leaching  has  pro- 
ceeded for  10  hours,  soda  (7  lbs.  per  ton  of  ore)  is  added  to  the  thio- 
sulphate solution  to  hinder  the  formation  of  lead  thiosulphate,  for  the 
formation  of  this  salt  increases  the  consumption  of  sodium  thiosul- 
phate, and  in  addition  causes  trouble  by  clogging  up  the  filter  and 
by  forming  a  protective  covering  around  the  particles  of  ore. 
Exhaustive  washing  of  the  leached  ore  is  not  possible  at  Broken  Hill 
owing  to  the  dearth  of  water,  but  the  upper  layer,  firom  ^  to  1  inch 
thick,  which  contains  a  good  deal  of  undecomposed  silver  iodide,  is 
removed  and  again  chloridised.  The  residue  still  contains  2*48  ounces  of 
silver  per  ton ;  of  the  silver  present  in  the  ore,  77  percent,  is  extracted. 

The  extraction  liquor,  which  is  milky  owing  to  suspended  lead 
carbonate,  is  run  into  vats,  agitated  with  compressed  air,  and  treated 
with  soda  to  precipitate  the  lead  chloride  present  in  solution.  It  is 
then  allowed  to  settle  for  3  or  4  hours,  syphoned  into  another  vat, 
and  the  silver  precipitated  by  sodium  sulphide,  under  agitation  with 
compressed  air.  After  settling,  the  clear  liquor  from  this  operation 
is  run  off  into  storage  tanks  for  subsequent  use,  and  the  precipitate 
is  filtered  in  a  press  and  then  roasted  in  a  reverberatory  ftimace. 
After  roasting  it  contains  21  per  cent,  of  silver,  26  per  cent  ot 
copper  and  5  ounces  per  ton  of  gold.  It  is  added  to  lead  on  the 
cupellation  hearth. 

The  lead  carbonate  precipitate  is  smelted  with  argentiferous  lead 
ores.  One  ton  of  ore  uses  up  3  lbs.  of  sodium  thiosulphate,  1*6  lbs. 
of  sulphur,  2'5  lbs.  of  caustic  alkali  and  19  lbs.  of  soda.  Attempts  U* 
work  up  these  ores  by  the  Russell  process  have  proved  unsuccessfiil. 

A  similar  process  is  in  use  at  Cerro  Gordo  in  Chili,^  where  the 
ores  treated  contain  O'l  per  cent,  of  silver,  mostly  present  as  chloride 
and  00001  per  cent,  of  gold.  They  are  finely  ground  in  ball  milk 
and  then  roasted  with  8  per  cent,  of  salt  in  a  Howell  furnace.  The 
Howell  furnace  is  27  feet  long,  5  feet  in  diameter  in  the  wider  portion, 
and  4  feet  4  inches  in  the  narrower  part,  with  a  lining  5  inches  thick. 
From  35  to  38  tons  of  ore  can  be  roasted  in  24  hours,  the  fiimace 
making  fi-om  J  to  1  revolution  per  minute.  The  roasting  renders  the 
chlorides  spongy  and  partially  chloridises  any  compounds  of  silver 
present.  The  roasted  ore  is  extracted  for  6  hours  with  a  1  per  cent 
^  Gmehling,  Oesterr.  ZeUsckr.  fur  Berg-  wid  HiiiUnvBtHUt  1893,  Na  37. 
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solution  of  sodium  thiosulphate,  60  to  80  per  cent,  of  the  silver 
content  and  60  per  cent,  of  the  gold  being  obtained  in  solution. 
The  extraction  is  conducted  in  wooden  vats  14 J  feet  long,  12  feet 
broad,  and  3  feet  deep,  with  false  bottoms  of  wood  covered  with 
sacking. 

The  silver  and  gold  are  precipitated  from  the  liquors  as  sulphides 
by  an  addition  of  sodium  sulphide,  the  precipitating  vats  being 
wooden  vessels  of  the  same  dimensions  as  the  solution  vats.  The 
precipitated  sulphides  are  sold  to  smelting  works  in  Europe.  Trials 
with  the  Russell  solution  (sodium-copper  thiosulphate)  have  not  given 
favourable  results,  but  potassium  cyanide  solutions  form  very  good 
solvents  for  the  silver. 

In  order  to  obtain  the  silver  from  ores  in  which  it  is  present  as 
sulphide,  or  as  sulphide  mixed  with  arsenic  and  antimony  sulphides, 
the  crushed  and  dried  ore  is  roasted  with  s(ilt,  the  roasted  ore 
extracted  with  a  solution  of  sodium  thiosulphate,  and  the  silver 
precipitated  as  sulphide.  The  precipitated  sulphide  is  dried  and 
either  put  into  a  lead  bath  direct  or  after  previous  roasting. 

At  the  smelting  works  in  the  United  States  ^  which  possess  the 
most  recent  and  improved  plant  for  the  Patera  process,  the  ores  are 
treated  in  the  same  way  as  in  the  amalgamation  by  the  Reese-River 
process,  being  crushed,  dried,  and  then  further  broken  up  to  the 
proper  size  by  rolls  or  stamps.  The  plant  is  arranged  in  terraces 
to  diminish  the  cost  of  conveyance  from  one  apparatus  to  another. 
The  ores  are  first  emptied  on  to  an  inclined  grid  or  grizzly ,  the  larger 
pieces  that  cannot  &11  through  passing  on  to  the  stone  breaker  and 
being  added  to  the  remainder  after  crushing.  The  crushed  ore  is 
rlried  either  in  revolving  iron  cyclinders  or  in  a  Stetefeldt  drying 
fiimace  and  the  dried  ore  is  then  finely  crushed  either  in  stamps  or 
in  rolls,  Krom  rolls  having  been  found  to  give  the  best  results  in  the 
States.  The  usual  arrangement  is  to  employ  two  sets  of  rolls,  one 
below  the  other,  the  capacity  of  the  two  sets  being  from  35  to  40 
tons  in  24  hours.  As  to  whether  rolls  or  stamps  are  used  depends 
upon  the  nature  of  the  ore,  rolls  being  used  for  preference  if  the 
nature  of  the  ores  allows  it.  Certain  ores,  however,  particularly  those 
containing  large  amounts  of  galena  and  zinc  blende,  require  to  be 
reduced  to  very  fine  powder  in  order  to  get  a  complete  chloridising, 
and  this  can  only  be  done  by  using  stamps.      A  few  trials  will  soon 

^  Carl  A.  Stetefeldt,  The  LixiuicUum  of  Silver  Orea  with  Hypomdphite  Sdiitiomy 
tvith  Special  Be/erence  to  the  Russell  Process,  New  York,  1888.  **  Notes  on  the 
Hydro-Metallurgy  of  Silver,"  C.  H.  Aaron,  Eighth  Ann.  Rep.  of  the  State 
Mineralogist,  Sacramento,  1888. 
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show   which  method  of  crushing  should  be  adopted.      Califomian 
dry  stamps  are  always  used  when  the  use  of  stamps  is  indicated. 

The  CfUoridising  Boasting  of  the  Ores. 

The  chloridising  roasting  is  carried  out  in  the  same  way  and  in 
similar  furnaces  (reverberatoiy  with  fixed  hearths,  revolving  cylinders, 
or  Stetefeldt  furnaces)  as  in  the  chloridising  roasting  which  precedes 
the  amalgamation  process.  More  care,  however,  must  be  exercised 
in  roasting  in  the  present  case,  since  unattacked  silver  is  only  slowly 
dissolved  by  sodium  thiosulphate,  whilst  it  is  very  readily  soluble  in 
mercury. 

Reverberatory  furnaces  worked  by  hand,  with  fixed  hearths  ar- 
ranged in  terrace  fashion,  are  frequently  used  at  present.  Figs. 
621-624  ^  represent  a  furnace  of  this  description,  in  use  at  Yedras 
(Sinaloa),  in  Mexico,  with  hearths  3  inches  vertically  below  each 
other.  The  roasted  ore  is  drawn  into  a  chamber  below  the  furnace, 
where  it  is  slowly  cooled  down  to  complete  the  chloridisation. 

At  Sanbrerete  near  Zacatecas,  in  Mexico,-  a  similar  furnace 
30  feet  by  10  feet  puts  through  in  24  hours  3  tons  of  ore,  containing 
26*4  per  cent,  of  sulphur  and  42  ounces  of  silver  per  ton.  The 
charges  weigh  1  ton,  6  per  cent,  of  salt  is  added  to  the  ore,  and  the 
wood  consumption  is  33  per  cent,  of  the  ore.  The  silver  is  chlori- 
dised  to  the  extent  of  90  per  cent.,  and  4*8  per  cent,  is  lost  by 
volatilisation. 

Furnaces  with  two  hearths  are  in  use  at  San  Francisco  del  On), 
Chihuahua,  Mexico,^  the  upper  hearth  having  an  area  of  210  square 
feet,  the  lower  one  of  220  square  feet.  The  ores  contain  1 1  per  cent  of 
lead,  25  per  cent,  of  zinc,  6  per  cent,  of  iron,  21  per  cent,  of  sulphur, 
and  28*8  ounces  of  silver  per  ton.  They  are  mixed  with  4  per  cent 
of  salt  and  19*5  per  cent,  of  wood  is  used  in  the  roasting.  In 
24  hours  8  to  10  tons  are  worked  off,  with  a  chloridisation  of  83  per 
cent,  of  silver  and  a  loss  of  the  same  metal  of  10  to  13  per  cent 

Of  the  mechanical  reverberatories,  those  of  Ropp,  Pearce,  and 
O'Hara  are  used  for  chloridising  roasting.  A  Brown-AlIen-0*Hani 
furnace,  in  use  at  Cortez  Mill,  Nevada,  is  said  to  roast  and  chloridisi* 
30  tons  of  ore  a  day.* 

Of  the  revolving  cylinders,  those  worked  intermittently,  as  the 
Briickner  and  Hofmann,  have  the  advantage  over  the  continuously 
working  cylinders,  in  that  the  roasting  can  be  carried  on  in  them  to 
any  desired  extent.      One  drawback,  however,  to  their  use  is  the 

*  Clemefl,  Proc.  Irutt.  Cit\  Eiuj.  cxxv.  p.  95.  *  Collins,  op^  cii,  p.  164. 

'  Eng.  and  Min.  Jonm.  Feb.  23,  1889.  *  Collins,  o/i.  cit.  p.  153. 
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ready  sintering  in  them  of  ores  containing  galena  and  calcspar.  Owing 
to  this  they  have  been  replaced  by  long-bedded  fumacea  worked  by 
hand  at  the  Silver  King  worka  in  Arizona  and  at  Yedraa,  Sinaloa, 

The  wood  needed  for  the  BrUckner  furnace  is  from  50  to  100  per 
cent,  of  the  ore.  The  weight  of  ore  worked  off  in  24  hours  is  3  to 
10  tons  (in  2  to  4  ton  charges)  for  a  furnace  12  feet  long  and  6  feet 
in  diameter,  and  18  to  28  tons  (in  6  to  8  ton  chai^ea)  for  a  furnace 
18  feet  long  and  7  feet  in  diameter ;  the  average  being  6  to  10  tons 
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tor  the  8mall  and  15  to  20  tons  for  the  large  fiimacea.  The  lower 
numbers  refer  to  ores  rich  in  pyrites.  At  Bertrand  Mill,  in  Nevadii, 
the  BrUckner  iiimaces  are  29  feet  by  7  feet,  the  charges  5  tons,  the 
time  of  roasting  10  houra,  and  the  wood  consumption  3  cords  a  day. 
The  after-chloridisiug  period  lasts  24  hours.  Two  cylinders  ai-e 
attended  by  one  man  in  a  shift.  The  flue  duat  is  also  r»aste<l  in  a 
BrUckner  furnace. 

3  K  2 
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The  Hofinann  revolving  cyclinder  furnace  has  a  fireplace  ami  a 
flue  at  L'ftch  end  of  the  revolving  cylinder,  and  the  flues,  as  well  as 
the  openings  for  the  admiseion  of  air  bo  the  fires,  have  adjustable 
dampers.  By  this  arrangement  the  direction  of  the  flames  can  be 
reversed  and  an  even  heating  of  the  material  ensured.  The  arrange- 
ment of  the  furnace  is  shown  in  Figs.  625-627,  where  t,  t  are  the 
flreplaces  at  the  ends  of  the  cylinder,  i,  i  the  flues  with  dampers  s,  u 
the  charging  hopper,  and  k,  k  flue-dust  chambers  through  which  the 
waste  gases  pass  on  their  way  to  the  chimney. 

The  continuously  working  furnace  of  White  has  the  advantage 
over  the  Briickner  ftimace  of  greater  capacity  ;  in  addition,  less  fiiel 


is  used,  and  the  ore  does  not  become  sintered.  A  furnace  of  con- 
venient size  is  27  feet  long  and  4  feet  in  diameter,  and  snch  a 
fiimace  puts  through  15  tons  of  ore  in  24  hours.  The  fiiel  con- 
sumption is  20  to  30  per  cent,  of  the  ore,  and  the  quantity  of  ore 
worked  off  daily  is  from  8  to  30  tons,  according  to  the  sulphur 
content.  Hofmann '  found  that  ore  containing  25  per  cent,  of  sine 
and  12  per  cent,  of  lead,  both  as  sulphides  with  very  little  pyrites, 
could  not  be  chloridised  above  67  per  cent,  in  a  fiimace  of  this 
description.  He  therefore  supplemented  it  by  a  small  reverberat^in^ 
'  Collins,  op.  rit.  p.  158. 
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hearth  with  separate  fireplace  and  one  working  door,  and  adi 
salt  in  this  hearth,  treating  charges  of  1,400  lbs.  at  a  time  i 
as  this  amount  accumulated  in  the  drop  pit.  In  this  \^ 
chloridisation  was  increased  to  81*6  per  cent,  for  ores  cor 
21  per  cent,  of  sulphur  and  2685  ounces  of  silver  per  ton,  i 
loss  of  silver  was  7*9  per  cent.  The  salt  added  was  4*7  per  < 
the  weight  of  ore,  fuel  consumption  27  per  cent.,  and  the  q 
put  through  in  24  hours  was  8J  tons. 

The  Stetefeldt  furnace  described  above  has  these  meri 
capacity  is  great  for  ores  with  less  than  6  per  cent,  of  sul 
amounting  to  90  tons  in  24  hours — less  fuel  is  needed  and  s1 
power  as  compared  with  the  revolving  cylinders,  and  the  c 
sation  of  the  silver  both  in  the  ores  and  in  the  flue-dust  i 
Its  disadvantages  are  the  high  initial  cost  for  plant,  which  < 
£2,000,  small  capacity  for  ores  with  more  than  10  per  c 
sulphur,  inapplicability  to  ores  composed  chiefly  of  zinc  bleU' 
galena,  and  great  loss  of  silver  by  volatilisation.  Pyritic  ore 
to  be  first  calcined  before  undergoing  the  chloridising  roasting. 

The  following  table  gives  some  details  of  the  working 
Stetefeldt  furnaces  ^ : 

Locality. 
Marsac  Mill,        Holdeu  Mill, 


Dimensions — Length  (feet) 

Diameter  (feet)    ........ 

Output  of  furnace  in  24  hours  (tons)  .... 

Percentage  of  salt  used 

Silver  contents  of  ore  (ounces  per  ton)  .    .    . 

Sulphur  contents  of  ore  per  cent 

Percentage  of  chlorination 92*4 

Percentage  of  coal  required  for  roasting    .    .       15*0 
Silver  lost  by  volatilisation  per  cent.     ...  — 


Utah. 

50 
6x6 

70 

8 

37-28 

0-7 


Ck>lorac 

6x6 
82 

12-2 

27-9! 
81 

79  0 
9H 
9'li 


The  average  consumption  of  wood  in  the  Stetefeldt  fum  , 
12  to  16  per  cent,  of  the  weight  of  ore.      Stetefeldt  has  e: 
furnaces  with  gas  firing.     These  require  11 '5  per  cent,  of  c( 
Ontario  Mill,  7*1  per  cent,   at   Marsac  Mill,  and  5*8  per  cei 
Holden  Mill.     The  sieves  for  the  ore  have  16  meshes  to  the 
inch.     One  man  attends  a  furnace  and  two  workmen  are  needc 
drawing  the  ore  and  spreading  it  on  the  cooling  floor. 

The  Extraction  of  Solvible   Compounds  of  Base  Metals  by  Mea^ 

Water, 

In  the  ores  which  have  undergone  a  chloridising  roasting,  ct^ 
salts  of  the  base  metals  will  be  found  which  are  soluble  in  Vi 

'  Collins,  op.  cit.  p.  164. 
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chiefly  sulphates  and  chlorides  of  copper,  iron  and  zinc,  as  well  as 
lead  chloride.  These  must  be  got  rid  of  before  extracting  with 
sodium  thiosulphate,  otherwise  the  metals  will  be  thrown  down  as 
sulphides  in  the  subsequent  precipitation  of  the  silver,  and  in  this 
way  will  contaminate  the  silver. 

The  roasted  material  is  consequently  extracted  with  water  before 
being  treated  with  thiosulphate  solution,  both  operations  being 
conducted  in  the  same  vessel,  the  freshly  roasted  material  being 
charged  in  and  only  discharged  after  the  extraction  of  the  silver. 
If  the  Russell  process  is  being  used,  the  after  extraction  with  sodium- 
copper  thiosulphate  is  carried  out  in  the  same  vessel. 

The  vats  in  which  the  operation  is  carried  out  are  generally 
wooden  vessels  with  false  bottoms,  cement  tanks  being  occasionally 
used.  The  construction  of  these  vats  has  undergone  considerable 
alterations  in  America  in  recent  times,  large  vats  holding  50  tons 
being  \ised  in  place  of  the  small  10  ton  vats  formerly  used,  it  having 
been  foimd  that  the  extraction  can  be  carried  on  just  as  well  in 
the  larger  vessels.  The  diameter  has  been  increased  from  8  or  10 
to  16|  feet  and  the  depth  from  3  to  from  5  to  7  feet.  Hoftnann* 
holds  that  the  best  depth  for  leaching  vats  is  3|  to  4  feet,  the  ore 
charge  being  2  to  2J  feet  thick.  He  points  out  that  the  quantity 
of  chlorides  taken  up  by  the  leaching  liquor  in  deep  baths  becomes 
so  considerable  that  a  good  deal  of  silver  chloride  is  dissolved. 
Furthermore,  a  comparatively  thin  layer  of  leached-out  residues  is 
more  easily  sluiced  out  of  the  vat  than  a  thick  layer.  The  passage 
of  the  solution  through. the  ore  pulp  can  be  hastened  by  the  pro- 
duction of  a  vacuum  by  using  a  Korting's  injector  (Stetefeldt),  this 
arrangement  allowing  of  the  extracting  liquid  being  continuously 
circulated  through  the  layer  of  ore. 

The  details  of  a  recent  form  of  extraction  vat  worked  in  this  wav 
are  shown  in  Figs.  628  to  631.  The  sides  ai*e  of  staves  3  inches 
thick  and  the  bottom  is  4  inches  thick,  the  joints  being  made  with 
white  lead,  which  is  not  attacked  by  thiosulphate  solutions.  The 
vessel  is  hooped  with  round  iron  IJ  inches  diameter,  joined  at 
the  ends  as  shown  in  Fig.  628.  The  floor  of  the  filter  is  covered 
with  woven  matting  (x,  Fig.  631)  over  which  the  filter  proper  of 
canvas  is  laid.  These  two  layers  rest  on  wooden  slats  (ar,  Figs.  630, 
631)  1*5  inches  high  and  1  inch  broad,  fixed  to  the  bottom  of  the  vat, 
1  inch  apart,  by  iron  screws  set  in  white  lead. 

In  order  to  allow  of  the  circulation  of  the  liquid  at  the  bottom  of 
the    vat,  pieces  3  inches  broad   and    ^  inch   wide   are   cut  out  of 

*  Colliim,  o]K  cit.  p.  216. 


the  wooden  slats  (v,  v,  Fig.  631),  and  these  do  not  ri 
the  aides  of  the  vat,  an  interval  of  IJ  inchos  being  1 
space  the  hoop  )■,  r  is  laid,  which  ia  made  of  wooden  lat 


high  and  1  inch  broad.  In  order  to  render  all  tight,  a 
rope  is  driven  round  at  s.  The  woven  matting  covers  t 
the  rim,  whilst  the  canvas  filter  la  made  about  6  inch 
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diameter  than  the  vat,  the  projecting  portion  being  pressed  against 
the  bottom  and  sides  of  the  vessel  by  the  rope  «, 

The  ore  to  be  extracted  is  brought  along  a  line  of  rails  running 
above  the  vat  and  tipped  into  it  from  the  waggons.  The  lixiviating 
liquor  is  either  run  over  the  top  from  a  spout  or  pipe,  or  else  intro- 
duced from  below  through  indiarubber  hose,  and  the  liquors  are  run 
off  through  an  iron  pipe  in  the  centre  of  the  bottom  provided  with 
indiarubber  hose  (v.  and  t,  Fig.  628),  which  can  be  clamped  when  it 
is  necessary  to  stop  the  flow  of  liquid. 

The  liquors  flow  from  u  into  the  gutter  g,  and  the  pipe  (  is  con- 
nected with  a  Korting's  injector,  by  which  a  partial  vacuum  may  be 
maintained  in  the  space  below  the  false  bottom,  and  the  filtration 
thus  hastened.     When  using  the  injector  the  liquor  may  be  either  run 


into  the  trough  g,  or,  by  closing  the  tap  m,  may  be  forced  up  into  the 
trough  /  from  which  it  is  again  run  into  the  vat.  The  vat  is  either 
emptied  by  shovelling  the  residue  into  the  spouts  a,  a,  down  which 
it  falls  into  waggons  underneath,  or  it  may  be  emptied  through  an 
opening  reaching  down  to  the  filter,  or  by  sluicing  out  the  residue 
with  water  through  the  smaller  opening  b. 

The  construction  of  a  Hofmann  leaching  vat  with  a  central 
sluicing  arrangement  for  the  tailings  is  shown  in  Fig.  632.'  The  vat 
figured  is  12  feet  in  diameter ;  in  othercaaes  it  may,  however,  roach  20 
fftt  or  more.  The  opening  in  the  bottom  is  6  inches  square,  and  t«i  it 
is  fixed  one  end  of  the  cast-iron  discharge  tube,  the  lower  end  of  which 
is  closed  with  a  brass  valve  m.  This  is  worked  by  the  hand-wheel  /. 
Bound  the  centre  of  the  vat  is  the  octagon  v,  in  which  is  cut  the  groove 
p',  and  round  the  inside  of  the  vat,  at  such  a  height  as  to  give  thf 
fals'^  bottom  an  inclination  of  J  inch  to  the  foot,  is  cut  the  groove  p. 
'  CollinB,  op.  cU.  p.  -217.     Trant.  A.I.il.E.  xvi.  p.  673. 
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The  canvas  filter  cloth  is  fastened  by  driving  ropes  info  these  grooves 
after  putting  in  the  false  bottom,  which  is  a  wooden  lattice  work 
made  in  sectors  and  covered  with  coarse  matting,  a  is  an  air  escape 
pipe  opening  beneath  the  false  bottom,  and  provided  at  the  top  with 
a  piece  of  hose  and  a  screw  clamp ;  Z  is  the  water  pipe,  and  n  a  stiff 
sluicing  hose  which  reaches  down  to  the  discharge  pipe  and  remains 
there  during  the  operation  of  charging.  The  discharge  pipe  is  filled 
with  water  through  this  hose  before  charging  the  tank,  so  as  to  prevent 
clogging  afterwards.  The  solution  outlet  s  has  to  be  connected  with 
laundei-s  for  base-metal  solution,  for  strong  and  weak  silver  solutions, 


0  1 
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and  for  waste  water.  When  a  tank  is  to  be  discharged  after  leaching, 
water  is  turned  on  and  the  discharge  valve  opened ;  the  hose  is  then 
moved  up  and  down  until  a  funnel-shaped  hole  is  opened  at  the 
surface,  and  other  streams  of  water  can  then  be  turned  on  to 
completely  sluice  out  the  mass  of  tailings  into  the  launder  u,  which 
must  have  an  inclination  of  at  least  J  inch  per  foot.  The  solution  is 
led  into  a  little  trough  resting  on  the  surface  of  the  ore,  the  bottom 
of  which  is  perforated.  The  filtration  may  be  hastened  in  the  case 
of  ores  that  filter  slowly  by  producing  a  vacuum  below  the  filter  by 
means  of  a  vacuum  pump  or  a  Korting  injector. 

Hofmanns   method  of  trough  leaching^  has   not  yet  definitely 

1  77ie  Mineral  Industry,  1899,  p.  375. 
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come  into  use.  In  this  method  the  hard  water  is  run  through 
sloping  troughs  of  trianguhir  section  (V)  *^nd  the  roasted  ore  is  added 
gradually  to  these,  so  that  a  rolling  motion  of  the  ore  is  set  up.  The 
liquid,  however,  moves  faster  than  the  solids,  so  that  the  latter  are  being 
constantly  brought  into  contact  with  new  liquid  and  become  quickly 
extnicted.  Solution  and  solids  now  pass  into  vats  similar  to  that 
represented  in  Fig.  632,  and  the  solids  are  deposited  in  these,  clear 
liquid  flowing  away  from  the  last  vat.  As  soon  as  one  vat  gets  fille<l 
up  with  solid  matter  the  stream  is  diverted  into  its  neighbour.  The 
ore  is  sluiced  out  of  the  full  vat  into  troughs  of  like  make  by  a  solution 
of  thiosulphate,  the  liquor  and  the  solids  being  conveyed  to  another 
series  of  settling  vats,  in  which  the  solids  are  deposited.  After  the 
solution  of  the  silver  chloride  is  complete  the  thiosulphate  liquor  is 
run  off  and  the  extracted  ore  sluiced  out  with  water. 

This  method  was  used  some  time  at  Cusihuiriachic,  near  Chihuaha, 
Mexico  for  the  leaching  of  tailings.  It  has  the  advantages  over  the 
vat  process,  that  little  silver  chloride  is  taken  out  by  the  water  and 
that  time,  labour  and  plant  are  saved ;  as  offsets  to  these  advantages 
are,  the  large  quantity  of  water  required,  the  extent  of  ground  coverL*d 
by  the  plant,  the  contamination  of  the  silver  precipitates  with  slime, 
and  the  loss  of  thiosulphate  by  oxidation.  The  method  might 
perhaps  be'  employed  with  profit  in  the  case  of  ores  with  much  lead, 
or  of  such  ores  as  are  leached  with  difficulty  in  the  ordinary  way. 

With  regard  to  the  usual  methods  of  leaching,  the  vat«  are 
filled  to  such  an  extent  that  there  is  a  space  12  inches  deep  from  the 
upper  edge  to  the  surface  of  the  ore.  The  ore  is  either  moistened 
before  being  brought  into  the  vat,  or,  better,  the  vat  is  filled  with 
water  first  to  a  height  of  2  feet. 

If  plenty  of  water  is  available  and  there  is  no  danger  of  bringing 
silver  chloride  into  solution,  or  if  any  silver  chloride  which  is  dissolved 
can  be  ejusily  recovered  without  being  contaminated  with  any  great 
quantity  of  impurity,  then  the  water  is  run  on  to  the  ore  from  abovf. 
If,  however,  water  is  scarce,  and  it  is  desired  to  collect  any  dissolvtn] 
silver  chloride  in  the  vat  itself,  then  the  water  is  introduced  below 
the  filter  and  rises  up  through  the  ore  mass. 

In  the  former  case,  the  exit  of  the  vat  is  closed  and  water  nm 
in  until  the  vessel  is  full ;  the  exit  pipe  is  then  opened  and  water 
allowed  to  flow  through  the  mass  until  the  liquid  flowing  away  does 
not  give  any  precipitate  with  sodium  sulphide,  indicating  that  all 
the  Hohible  salts  have  been  extracted. 

When  the  water  is  introduced  from  below  it  is  allowed  to  flt>w  in 
until  it  covei*s  the  top  of  the  layer  of  ore.     It  is  then  allowed  to  run 


SILVER  875 

back  through  the  ore,  and  fresh  water  is  simultaneously  run  in  from 
the  top  until  the  soluble  salts  are  washed  out  In  this  way  the 
dilution  caused  by  the  fresh  water  precipitates  any  chloride  of 
silver  and  some  of  the  lead  chloride  in  solution  in  the  brine  in  the 
body  of  the  ore  mass,  this  acting  as  a  filter.  This  method  of  extrac- 
tion, though  retaining  the  silver  chloride  which  has  been  dissolved  by 
the  brine  in  the  vat,  has  the  disadvantage  of  also  precipitating  amongst 
the  ore,  lead,  antimony  and  cuprous  chloride  if  copper  is  present,  so 
that  the  silver  sulphide  ultimately  obtained  will  be  contaminated 
Avith  these  metals.  Stetefeldt  prefers,  therefore,  to  run  in  the  water 
from  the  top,  and  to  precipitate  the  silver  in  solution  separately,  only 
using  the  bottom  method  when  very  little  water  is  available. 

Cold  water  is  best  for  washing,  when  there  are  but  small  quantities 
of  the  salts  of  the  base  metals  to  remove  ;  if,  however,  the  quantity 
of  these  is  large  or  if  the  ore  is  leached  with  difficulty,  then  hot 
water  is  resorted  to.  In  that  case,  much  silver  chloride  passes  into 
solution.  The  velocity  at  which  water  will  percolate  through  the  ore 
varies,  according  to  the  composition  of  the  latter  and  its  degree  of 
fineness,  from  1  inch  to  16  inches  per  hour.  The  quantity  of  water 
used  averages  25  to  30  cubic  feet  per  ton  of  ore,^  and  the  period  of 
washing  from  2  to  24  hours.  From  1  to  19  per  cent,  of  the  silver  is 
dissolved  by  the  water  at  Holden  Mill,  and  of  this  quantity  90  per 
cent,  dissolves  in  the  first  15  minutes.  If  the  wash  water  only 
contains  a  little  silver  it  is  allowed  to  run  to  waste,  otherwise  it  is 
precipitated  by  diluting  the  washings  or  by  the  addition  of  calcium 
or  sodium  sulphide  or  by  precipitating  with  copper.  In  the  first 
method,  in  which  the  silver  is  thrown  down  as  chloride,  very  large 
vessels  are  required,  but  the  process  is,  nevertheless,  the  cheapest. 
The  second  method  should  be  used  if  the  water  is  alkaline  from 
dissolved  quicklime,  as  in  this  case  only  small  quantities  of  base  metals 
are  precipitated,  and  a  tolerably  pure  silver  sulphide  is  thrown  down. 

If  the  washings  contain  copper  and  lead,  iron  may  be  used  as  a 
precipitant ;  the  precipitation  is  somewhat  slower  and  needs  a  larger 
number  of  precipitating  vats,  but  the  precipitate  is  denser  and  easier 
to  treat  than  the  sulphide  precipitate. 

The  Lixiviation  of  the  Silver  with  Sodium  Thioszclphate  Solution. 

After  the  treatment  with  water,  sodium  thiosulphate  solution  is 
run  into  the  vat  as  soon  as  the  water  has  sunk  below  the  surface  of 
the  ore  so  that  no  air  can  make  its  way  in.     This  first  forces  the  water 

^  CoUiuH,  op.  cit.  p.  190. 
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out  of  the  vat,  and  as  soon  as  thiosulphate  begins  to  run  out  the 
solution  is  led  into  the  precipitating  vats. 

Sodium  thiosulphate  has  the  formula  NagSgOj+SHjO  and  it 
forms  two  double  salts  with  silver,  viz. : — 

2Na2S203,Ag2S203  and  NagSaOs.AgjjSjOj, 

the  former  of  these  being  more  soluble  in  water  than  the  second. 

Sodium  thiosulphate  solution  is  only  very  slowly  decomposed  on 
exposure  to  the  air,  taking  up  oxygen  and  becoming  converted  intc^ 
sodium  sulphate. 

The  solution  of  chloride  of  silver  in  sodium  thiosulphate  solution 
generally  proceeds  according  to  the  equation : — 

2  AgCl  +  2Na,S  A = Ag^fi,,^eL^Sfi,  +  2NaCl, 

one  part  by  weight  of  crystallised  thiosulphate  (Na^jO^+SH^O) 
dissolving  0*4  part  of  silver  chloride,  corresponding  to  0*3  part  of 
metallic  silver. 

Sodium  thiosulphate  solutions  also  dissolve  metallic  silver  and 
gold,  oxide,  arseniate  and  antimoniate  of  silver  as  well  as  silver 
chloride.  According  to  Russell's  researches,  1  litre  of  sodium  thio- 
sulphate solution  at  the  ordinary  temperature  dissolves  0'03  gram 
of  metallic  silver,  and  the  solvent  power  is  the  same  whether  the 
solution  contains  10,  25,  100,  160,  200  or  260  grams  of  the  salt. 
Increase  of  temperature  increases  the  solvent  capacities  of  the  solu- 
tion, a  solution  containing  from  50  to  200  grams  of  the  salt  dissolving 
0*1  gram  of  silver  at  64"*  C. 

A  litre  of  a  similar  solution  dissolves  0*0002  gram  of  metallic 
gold,  the  gold  forming  a  double  salt  of  the  formula : — 

3Na2S203,AuS208 + 4H2O. 

Silver  oxide  also  dissolves  with  formation  of  a  double  salt : — 

SNa^SA + AggO  +  HgO  =  2l!fa,^Sfi^,Ag^SjO^ + 2NaHO, 

one  part  of  crystalline  thiosulphate  dissolving  0*2  of  silver. 

According  to  Russell,  silver  arseniate  (Ag^AsO^),  which  dissolves 
best  in  warm  solutions,  is  dissolved  to  the  extent  of  0*2  part  of  silver 
for  1  part  of  crystallised  sodium  thiosulphate.  According  to  the 
same  authority,  silver  antimoniate,  which  like  the  arseniate*  i.*^ 
dissolved  more  easily  by  warm  solutions,  requires  1  part  of  thit>- 
sulphate  for  the  solution  of  every  0'05  part  of  silver.  The  solubility 
of  arseniates  and  antimoniates  is  considerably  increased  by  the 
presence  of  caustic  soda  in  the  liquors. 
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Of  the  various  other  bodies  present  in  the  ores,  copper  Is 
dissolved  in  very  similar  proportions  to  silver.  Copper  carbonate  is 
also  soluble,  whilst  the  carbonates  of  lead,  iron,  manganese,  zinc,  and 
calcium  ai^  insoluble.  Cuprous  hydrate  is  soluble,  but  cupric 
hydrate  and  cupric  oxide,  as  well  as  the  oxides  and  hydrates  of  iron, 
manganese  and  zinc,  are  not.  Cupric  chloride  dissolves  with  the 
formation  of  a  double  salt. 

Lead  sulphate  dissolves  with  the  production  of  the  double  salt 
2Na^S203,PbS208,  its  solubility  varying  with  the  strength  and  tem- 
perature of  the  solution. 

Calcium  sulphate  dissolves,  forming  sodium  sulphate  and  sodium- 
calcium  thiosulphate,  cold  dilute  solutions  of  sodium  thiosulphate 
dissolving  it  more  readily  than  hot  and  concentrated  ones. 

Quicklime  is  soluble,  caustic  soda  and  sodium-calcium  thio- 
sulphate being  produced.  It  is  soluble  in  thiosulphate  solutions  to 
the  same  extent  as  in  pure  water. 

The  solubility  of  silver  chloride  in  sodium  thiosulphate  solutions 
is  diminished  by  the  presence  of  lead  and  sodium  sulphates,  and 
particularly  by  caustic  alkalies  and  alkaline  earths. 

Lead  sulphate  forms  the  double  salt  previously  mentioned,  thus 
diminishing  the  amount  of  the  solvent  present. 

Sodium  sulphate  does  not  diminish  the  solvent  capacity  of 
thiosulphate  solutions  for  silver  chloride  to  the  same  extent  as 
caustic  lime  and  caustic  soda.  A  solution  of  sodium  thiosulphate 
containing  1'6  per  cent,  of  the  crystallised  salt  had  its  solvent 
capacity  reduced  by  6  per  cent,  when  2  per  cent,  of  sodium  sulphate 
was  present,  or  by  8  per  cent,  when  5  per  cent,  of  sulphate  was 
dissolved  in  it. 

The  presence  of  0*5  per  cent,  of  caustic  soda  in  the  thiosulphate 
liquor,  according  to  Russell,  diminishes  its  capacity  for  dissolving 
silver  chloride  by  30  per  cent,  and  05  per  cent,  of  lime  diminishes  it 
by  11  to  24  per  cent. 

The  injurious  action  of  caustic  alkalies  and  alkaline  earths  is  due 
to  their  lessening  the  tendency  of  silver  to  form  double  salts,  and  in 
the  case  of  roasted  ores  containing  lead  they  act  injuriously  by 
precipitating  lead  hydrate.  In  the  chloridising  roasting,  any  lead 
present  is  converted  partly  into  chloride  and  partly  into  sulphate,  and 
the  greater  part  of  the  lead  chloride  is  dissolved  in  the  extraction 
with  water,  the  lead  sulphate  remaining  undissolved.  Sodium 
thiosulphate  solution  dissolves  both  bodies,  and  if  alkalies  or 
alkaline  earths  are  present  they  precipitate  lead  hydrate  from  this 
solution  as  a  dense  precipitate  insoluble  in  thiosulphate  which  coats 
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the  particles  of  silver  chloride  and  prevents  their  solution  in  the 
thiosulphate  liquor.  The  presence  of  alkalies  and  alkaline  earths 
may  be  due  to  the  presence  of  calcium  carbonate  in  the  ores, 
which  is  partially  converted  into  quicklime  in  the  roasting,  or  U) 
the  sodium  sulphide  used  for  the  precipitation  of  the  silver  contain- 
ing an  excess  of  caustic  alkali,  or  to  an  excess  of  caustic  lime  ha\4iig 
been  used  in  precipitating  the  lead,  or  to  the  presence  of  metallic 
silver  or  oxygen  compounds  of  silver  in  the  ore,  in  which  case  caustic 
soda  is  formed  during  the  lixiviation. 

When  the  ores  contain  calcium  carbonate,  the  thiosulphate 
solution  is  used  cold,  since  lime  decomposes  silver  chloride  in  hot 
solution.  Most  other  ores,  especially  those  containing  sulphides, 
which  give  an  acid  solution  after  roasting,  are  leached  with  solu- 
tions warmed  to  30°  to  60''  C.  The  sodium  thiosulphate  solution 
contains  from  0*25  to  2"5  per  cent,  of  the  compound,  the  best 
strength,  according  to  Hofmann,^  being  from  0'26  to  0*5  per  cent 
The  advantage  of  using  these  weak  solutions  is  that  little  lead  and 
copper  are  taken  up  by  them,  and  consequently  the  silver  sulphide 
falls  out  purer  and  richer  than  when  strong  solutions  are  used; 
furthermore,  there  is  less  loss  of  thiosulphate  by  oxidation,  what  loss 
there  is  being  compensated  by  the  oxidation  of  the  sulphide  to 
thiosulphate ;  less  of  the  salt  is  lost  by  clinging  to  the  ore ;  and 
finally  leaching  takes  place  more  quickly  with  weak  than  with  strong 
solutions.  The  only  drawback  to  the  use  of  weak  solutions  is  the 
large  volume  requisite.  The  amount  of  the  solution  needed  t^) 
dissolve  out  the  silver  varies,  according  to  the  strength  of  solution 
and  the  nature  of  the  ore,  from  63  to  226  cubic  feet  per  ton  of  ore.- 

The  solvent  power  of  the  solution  is  lessened  by  oxidation,  bv 
becoming  alkaline,  and  by  the  accumulation  of  chloride  and  sulphate? 
of  hodium  in  it.  Stetefeldt's  ^  determinations  show  that  17-4  per  cent, 
of  the  sodium  thiosulphate  became  oxidised  when  kept  in  a  vat  for 
35  days,  sodium  sulphate  and  sulphur  being  the  products  of  oxidation. 
The  influence  of  caustic  soda  and  of  sodium  sulphate  has  been 
described  above.  The  former  can  be  counteracted  by  neutralisation 
with  sulphuric  acid.  When  calcium  sulphide  is  used  as  precipifcuit, 
any  sodium  sulphate  in  solution  is  converted  by  the  sulphide  into 
sodium  thiosulphate  and  calcium  sulphate. 

The  solvent  is  allowed  to  percolate  through  the  ore  until  silver 
can  no  longer  be  detected  in  the  issuing  liquors.     Calcium  sulphi<ie 

^   The  Mineral  Indtuttiy,  1899,  p.  365. 

*  Collins,  op.  cit.  p.  191. 

'  Trana.  A,LM.E.  xiii.  p.  97. 
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precipitates  base  metals  as  well  as  silver  fi*om  the  thiosi    i 
tion,  so  that  the  production  of  a  precipitate  on  the  add 
reagent  is  not  a  proof  of  the  presence  of  silver  in  solutior 
recommends    that  the  precipitate  be  dissolved  in  nitric    , 
hydrochloric  acid  being  added  to  precipitate  silver  and  le 
the  precipitate  being  then  boiled  with  water  when   h    i 
dissolves  and  silver  chloride  remains.     If  there  is  any  r    i 
the  liquid  is  milky,  silver  is  still  present  in  the  ore.     A  b(    I 
is  to  assay  the  ore  which  is  undergoing  extraction  and  a» 
amount  of  silver  still  remains  in  it. 

The  time  necessary  for  the  extraction  depends  upoi 
content  of  the  ore  and  the  amount  of  clayey  material 
governs  the  rate  of  flow  of  the  solvent  liquid  through  i  i 
ore.     It  varies  from  6  to  58  houre  for  each  vat.     After  ex  ; 
mass  is  washed  with  water,  the  washings  being  run,  togetl  ; 
liquor,  into  the  precipitation  tanks. 

Thiosulphate  extraction  brings  the  silver  content  dov 
4  ounces  per  ton,  from  70  to  85  per  cent,  of  the  silver  |  i 
solution.  The  extraction  of  badly  roasted  ores  free  froii 
improved  by  the  addition  of  cupric  chloride  Co  the  leach 
Oftentimes  the  assay  shows  imperfect  extraction  of  the  si  . 
the  formation  of  compounds  insoluble  in  thiosulphal 
According  to  Moi-se  ^  silver  sulphide  is  regenerated  in  tht^ 
the  action  of  silver  chloride  on  zinc  blende, 

2AgCl + ZnS  =  AggS + ZnClg. 

Godshall,^  however,  assumes  a  reduction  of  silver  chloride 
silver  by  sulphur  dioxide,  which  is  evolved  from  imperfec 
ores  during  cooling,  and  remains  in  part  with   the  ore    : 
cold. 

T?ie  Precipitation  of  the  Silver  from  the   Thiosulphate 

In  addition  to  silver  the  thiosulphate  liquors  usually  c( 
copper,  gold,  antimony,  arsenic,  and  calcium.  The  other  ni 
as  zinc,  iron,  and  manganese,  will  have  been  removed  by  wf . 
water.  The  lead  in  the  liquors  is  chiefly  present  as  sulph ! 
greater  part  of  the  chloride  will  have  been  removed  in  tli 
with  water. 

If  there  is  a  large  quantity  of  lead  in  the  liquors,  it  is 
to   precipitate   it   as   carbonate   before   precipitating   the 

»  Trans.  A.I.M.E.  xxv.  p.  587.  «  Ibid.  p.  1027. 
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sulphide.  Sodium  carbonate  suggested  by  Russell  as  a  precipitant 
for  lead  will  not  precipitate  either  copper  or  silver  from  thiosulphate 
solutions.  Calcium  however  is  precipitated  as  carbonate,  so  that 
this  reagent  cannot  be  used  when  calcium  thiosulphate  has  been 
used  as  the  solvent,  or  when  calcium  sulphide  is  to  be  employed  for 
the  precipitation  of  the  silver.  If  the  lead  is  not  got  rid  of  before 
precipitating  the  silver,  it  is  thrown  down  with  it  as  sulphide. 

The  precipitation  of  the  silver  in  the  liquors  is  effected  by  the 
addition  of  a  solution  of  sodium  sulphide,  whereby  silver  sulphide 
is  precipitated,  and  sodium  thiosulphate  regenerated  according  to  the 
equation : — 

Ag2S,03,2Na,S  A + Na^  =  Ag^S + SNa^S^- 

Gold  and  copper  and  any  salts  of  the  heavy  base  metals  are  also 
precipitated  with  the  silver.  No  more  sodium  sulphide  should  be 
used  than  is  necessary  to  precipitate  the  metals,  as  the  liquors  are 
used  over  again  for  the  extraction  of  fresh  ore,  and  if  they  contain 
sodium  sulphide  some  of  the  dissolved  silver  will  be  precipitated 
and  in  this  way  lost.  Any  sodium  sulphide  in  the  liquor  must  there- 
fore be  destroyed  by  the  uddition  of  fresh  argentiferous  thiosulphat4^ 
liquors.  Sodium  sulphide  may  also  be  converted  into  thiosulphate 
by  passing  sulphur  dioxide  through  the  liquor,  sulphur  being  precipi- 
tated at  the  same  time.  Sodium  sulphide  solution  is  kept  in  cast- 
iron  vessels,  and  is  syphoned  from  these  through  an  iron  pipe  into 
the  precipitating  vats. 

The  precipitating  vats  for  these  various  operations — the  precipi- 
tation of  sulphides  from  the  wash  water,  of  lead  carbonate  from  the 
liquors,  or  of  silver  sulphide  fit)m  the  same — are  arranged  similarly 
in  each  case.  They  are  wooden  vats  about  10  feet  in  diameter  and 
8  J  feet  deep,  and  the  contents  can  be  stirred  with  wooden  paddles 
during  the  precipitation,  or,  better  still,  by  blowing  compressed  air 
through  the  solution.  The  loss  by  oxidation  is  •  comparatively  small 
in  this  case.  Mechanical  agitators  are  seldom  used.  The  liquor 
lying  above  the  precipitate  is  drawn  oflF  after  each  precipitation  by 
means  of  a  movable  elbow  pipe  inside  the  vat.  This  is  so  arranged 
that  the  mouth  can  be  gradually  lowered  in  the  vat,  the  liquor 
running  off  through  a  fixed  pipe  connected  with  it  and  terminating 
outside  the  vat.  Instead  of  this  arrangement,  which  is  constructed 
of  iron  pipe  coated  with  asphalte,  an  indiarubber  hose  pipe  may  be 
used,  the  end  in  the  vat  being  raised  or  lowered,  and  the  other  end 
terminating  outside  the  vat.  The  precipitated  sulphides  left  after 
the  liquors  have  been  drawn  off  are  sluiced  out  of  the  vat  by  a  jet 


of  water,  being  run  off  through  an  iron  pipe  coated  with  asphalte  at 
the  bottom  of  the  vat. 

Figs.  633  and  634  ahow  the  arrangement  of  a  precipititing  vat 
with  exit  pipe  of  iron  a  b,  the  arm  b  pa.ssing  through  a  stuffing  box  .c 
in  the  side  of  the  vat,  and  being  connected  with  the  discharge  pipe 
c.  By  means  of  the  lever  rf,  the  elbow  tube  and  the  portion  a  can 
be  moved  through  an  angle  of  90°  from  the  vertical,  so  that  the 
liquid  can  be  drawn  off  from  any  depth,  the  pipe  being  fastened  at 
the  required  angle  by  the  lever  d  and  the  quadrant/. 

If  the  lead  is  to  be  precipitated  by  soda  before  the  .sulphide  of 
silver  ia  thrown  down,  a  duplicate  vat 
similarly  arranged  must  be  provided. 

In  precipitating  the  silver,  sodium 
sulphide  is  added  whilst  the  liquor  is 
constantly  stirred,  until  a  sample  with- 
drawn from  the  vat  gives  only  a  very 
faint  precipitate  with  sodium  sulphide. 

The  precipitate  is  allowed  to  settle, 
the  clear  liquor  drawn  off  as  indicated 
above,  fresh  liquor  allowed  to  nm  in, 
and  the  process  repeated,  the  precipi- 
tate being  only  removed  at  intervals 
of  several  days  or  a  week. 

The  newer  arrangements  used  in 
conjunction  with  the  Patera  Process 
at  Yedras  Mme,  Mexico,  are  shown  in 
Figa.  635— 637.1  The  vats  stand  on  a 
wooden  scaffolding  supported  on  long 

walls,  and  are  arranged  in  three  rows,  r,aa.  ets  uid  eu. 

the  leaching  vats  being   highest,  the 

precipitating  vats  next,  and  the  storage  tanks  lowest  of  all.  The  ore 
is  brought  in  waggons  and  tipped  into  the  leaching  vats,  and  the 
extracted  ore  is  shovelled  from  these  into  waggons  running  on  rails. 

The  sodium  sulphide  is  made  from  caustic  soda  and  sulphur. 
Caustic  soda  is  dissolved  in  an  equal  weight  of  water  in  an  iron  pot, 
and  powdered  sulphur  is  thrown  in  little  by  little,  the  solution  being 
heated  to  80°  C.  The  addition  of  sulphur  causes  the  liquid  to 
ir^srease  to  twice  or  thrice  its  original  bulk,  so  that  at  the  be- 
ginning the  pot  must  not  be  more  than  a  quarter  full.  The  sulphur 
dissolves  in  a  few  minutes,  100  parts  of  caustic  soda  requiring  QQ  of 
sulphur. 

'  Clemes,  Proe.  Inel,  Civ.  Png.  exxv.  pt,  iii. 
VOL.  I  3   L 
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The  sodium  sulphide  thus  produced  ia  run  off  in  the  litpiid  stati;. 
jhkI  Rist  inti>  moulds  in  which  it  solidifies,  and  it  is  either  dissolwl 
imiiiediivtely  or  kept  for  subsequent  use. 

The  amount  of  sodium  sulphide  used  depends  upon  the  ammini 
of  silver  and  base  metals  in  the  liquor,  the  average  amounts  at  various 
works  in  the  States  being  1  to  1'25  parts  of  sulphur  (and  caustic  soda 
in  the  above  proportion)  for  every  part  of  silver  extracted.  Tho 
amount  of  sulphur  used  per  ton  of  ore  is,  according  to  Hoiniann.' 
392  lbs.  for  ore  containing  45  ounces  of  silver  per  ton,  and  '102  Ib^ 
for  ore  containing  35  ounces  of  silver  per  ton. 

The  liquor,  after  precipitation  of  the  sulphides,  is  used  again  for  a 
further  o.ttraction,  but  as  it  has  been  diluted  by  the  wash  water,  ;m 


addition  of  sodium  thiosulphate  is  made  to  it  to  bring  it  up  t*>  tht 
proper  strength  as  well  as  to  make  up  for  the  inevitable  li)S,s. 

The  totjil  amount  of  thiosulphate  used  for  the  Pateni  prttc^'ss  i- 
very  small,  being  in  genei-al  between  2  and  4i  lbs.  per  t^m  of  on.-. 

The  Treatincnt  of  the  Precipitated  Silver  Sulphide. 

The  precipitate  of  metallic  sulphides  is  sluiced  out  of  the  *!U,- 
as  quickly  as  possible  into  an  agitatftr,  and  from  there  into  a  Monti- 
jus  pressure  vessel.  It  is  then  freed  from  its  adhering  liquid  l>y 
treatment  in  a  filter  press. 

AftrCr  filtering  it  is  moulded  into  cakes.     The  filtrates  •.bus  obtaine>i 
are  collected  and  atlded  to  the  leaching  liquors. 
'  Collins,  op.  rtt.  p.  195. 


Since  the  precipitant  is  a  polysniphide,  the  precipitate  contains  a 
good  deal  of  free  sulphur,  which  ia  best  removed  before  further  treat- 
ment. The  most  effective  way  of  doing  this  is  to  convert  it  into  sodium 
sulphide  by  boiling  the  precipitate  with  soda  in  cast-iron  pota.  If 
this  sulphide  be  used  for  precipitating  purposes,  it  must  be  freed 
from  soda  for  the  reasons  already  given.  Another  method  of  removing 
the  sulphur  is  to  distil  it  off  in  cast-iron  retorts  ;  or  it  may  be  burnt 
off  in  small  reverboratorieg. 


In  any  case  the  precipitate  ia  dried,  but  the  temperature  must 
not  be  allowed  to  rise  to  the  point  of  ignition  of  the  sulphides,  and 
Stt^tefeldt  has  accordingly  pn^posed  ti>  use  a  drj-ing  chamber  heated  by 
the  circulation  of  steam  through  iron  pipes. 

The  drying  is  generally  carried  out  in  rtiverberatories  16  feet  by 
6  feet  6  inches  with  a  very  small  grate.  A  chamber  is  built  between  the 
hearth  and  the  fire  grate,  in  which  the  gases  from  the  fire  are  mixed 
with  previoTisly  warmed  air,  so  that  the  flames  do  not  come  in  contact 
with  the  sulphides.     Muffle  furnaces  may  also  be  used  in  drying. 

The  dried  precipitate  contains  18  to  35  per  cent,  of  silver.     The 
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composition  of   two   such   precipitates   is    given   in   the   following 


Locality. 
Sombrercte,  Marsac  Mill, 


Silver  .... 
Copper  .  .  . 
Lead  .... 
Zinc  .... 
Iron  .... 
Antimony  .  . 
Alumina  .  .  . 
Lime  .  .  . 
Insoluble .  .  . 
Sulphur  .  .  . 
Soluble  in  water 


Lacatecas,  Mexico. 
(Per  cent.) 

34 

24-6 
7-2 

8-6      . 
0-8 


0-9 

2-2 

18-3 


Park  City,  Uteh. 
(Per  cent. ) 

34-78 

21-60 

0-50 

0-75 
018 
0-25 

0-25 
20-74 
12-76 


Silver — ounces  per  ton 
Gold 


11000 
9  to  12 


11360 
12-59 


The  dried  sulphide  precipitate  is  worked  for  silver,  generally  by 
charging  it  into  a  bath  of  molten  lead  on  either  an  English  or  a 
German  cupellation  hearth.  Rich  lead  is  obtained  from  the  English 
hearth,  and  this  is  cupelled,  whilst  the  German  hearth  yields  Blitk' 
silber,  which  is  refined.  The  silver-bearing  scums  and  litharge  an* 
worked  up  in  shaft  furnaces. 

Formerly  the  sulphides  were  roasted  and  then  melted  in  plumbagi^ 
crucibles  with  iron  and  borax,  the  products  being  silver  and  a  matte 
containing  a  considerable  amount  of  silver.  This  method  has  fallen 
into  disuse. 

Mention  may  be  made  of  the  Stetefeldt  and  the  Dewey- Walter 
processes,  both  of  which  have  found  application  in  the  treatment  of 
the  sulphide  precipitate  from  the  Russell  process.  This  preeipitAtf 
does  not  differ  much  in  composition  from  the  Patera  precipitate,  jv^  i> 
clear  from  the  following  analysis : —  * 


Copper 
Sulphur 
Iron  .    . 
Alumina 
Arsenic 


21-60 

24-83 

0-75 

0-25 

tmce. 


Antimony 
SilicA    . 
Lead 
Silver    . 
Gold      . 


018 

025 

0-50 

34-78 


Soluble  in  water,  12*76  per  cent. 

»  ColUns,  op.  cil.  p.  242.  «  Stetefeldt,  The  Lixiviatian  of  Silver  Ore*. 
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The  Stetefeldt  process  was  seen  by  the  author  in  1892  at  Marsac 
Mill,  where  it  was  afterwards  replaced  by  the  Dewey- Walter  process. 
It  consists  in  smelting  the  sulphide  precipitate  in  cast-iron  crucibles 
for  matte,  which  is  then  ground  in  a  ball  mill,  subjected  to  oxidising 
roiisting,  and  lixiviated  with  sulphuric  acid.  The  residual  silver  and 
the  copper  sulphate  thus  obtained  are  separated,  the  silver  pressed  into 
ciikes  and  melted  down,  and  the  copper  sulphate  solution  allowed  to 
cr}'stallise. 

The  preliminary  smelting  for  matte  was  necessary  owing  to  the 
large  quantity  of  free  sulphur  present  in  the  precipitate  hindering 
the  roasting.  At  first  it  was  thought  necessary  to  add  enough  copper 
to  give  a  matte  containing  equal  amounts  of  silver  and  copper,  but 
Stetefeldt  found  that  the  copper  could  be  dispensed  with  provided 
the  roasting  was  done  carefully.-  The  matte  was  poured  into  flat 
moulds  of  cast-iron,  where  it  solidified  in  slabs  J  inch  thick.  After 
crushing  it  was  roasted  in  muffle  furnaces  of  oval  section  7  feet  long 
and  4  feet  6  inches  wide,  in  charges  of  600  lbs.  The  hearth  bottom 
was  of  cast-iron  and  the  fuel  used  was  coal,  the  firing  being  so 
conducted  that  only  the  top  of  the  furnace  was  directly  heated.  The 
gases  evolved  were  drawn  oflF  by  Korting  s  injector  into  a  Roessler 
apparatus  for  the  condensation  of  sulphur  dioxide,  and  the  roasting 
was  conducted  so  that  the  copper  was  left  chiefly  as  cupric  oxide 
with  a  little  cuprous  oxide,  and  the  silver  for  the  greater  part  as 
metal,  and  but  to  a  slight  extent  as  sulphate.  The  roasting  lasted 
8  hours,  and  the  coal  consumption  for  the  above  charge  was  1000  lbs. 
After  pulverising  the  roasted  matte,  it  was  extracted  with  sulphuric 
4icid  in  lead  lined  vats,  3  feet  6  inches  in  diameter  and  5  feet  8  inches 
high,  each  vat  holding  300  lbs.  of  matte,  and  enough  matte  liquor 
from  the  crystallising  vats  to  furnish  2  parts  by  weight  of  sulphuric 
acid  to  1  part  by  weight  of  copper  in  the  matte.  The  liquor  was 
heated  to  boiling  point  by  means  of  steam  blown  in  through  per- 
forated lead  worms  suspended  in  the  vats,  and  the  dissolving  process 
lasted  2  hours. 

As  a  result  of  this  treatment,  cuprous  and  cupric  oxides  and  silver 
sulphate  went  into  solution,  part  of  the  dissolved  silver  was  thrown 
out  of  solution  by  secondary  reaction  with  cuprous  oxide,  and  the 
remainder  by  precipitation  with  copper  plates  which  were  hung  in 
the  solution.  One  part  of  the  sulphide  took  up  0*4  part  of  sulphuric 
acid  (66°  B.)  or  1*74  parts  of  acid  for  1  part  of  copper  actually  brought 
into  solution.  The  contents  of  the  vat  were  let  out  through  an  opening 
in  the  conical  bottom,  into  filtering  vessels  made  of  wood  and  lined  with 
leiwl,  6  feet  6  inches  long,  3  feet  wide,  and  2  feet  deep.     The  filter 
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consisted  of  a  perforated  lead  plate  covered  with  asbestos  cloth, 
and  the  filtration  was  assisted  by  a  Korting  pump  made  of  hard 
lead. 

The  washing  of  the  silver  began  as  soon  as  the  silver  from  (i 
charges  had  collected.  The  filtrate  was  put  to  crystallise  when  the 
density  was  20  to  22**  B.,  and  the  weaker  wash  liquors  were  treate<l 
with  scrap  iron  to  recover  the  copper.  The  silver  was  dried,  pressed 
into  slabs  in  a  hydraulic  press,  and  then  melted  down.  The  sulphate 
liquors  contained  a  certain  amount  of  cuprous  salt,  which  decomposiHi 
into  copper  and  cupric  sulphate  when  the  solution  cooled. 

In  the  Dewey- Walter  process,  the  precipitate  is  treated  with  hot 
strong  sulphuric  acid,  which  dissolves  out  the  silver  and  leaves 
dehydrated  copper  sulphate  behind,  insoluble  in  the  strong  acid. 
This  residue  is  then  crystallised  from  hot  water,  and  the  silver  is 
obtained  from  the  acid  by  precipitation  with  copper.  A  little  silver, 
and  any  gold  that  may  be  present,  are  left  behind  with  the  residue. 

The  solution  of  the  precipitate  is  carried  out  in  cast-iron  pots, 
4  feet  in  diameter  and  3  feet  deep,  the  thickness  of  the  sides  being 
0*5  inch  and  of  the  bottom  1  inch.     The  pots  rest  on  a  half  inch  cast- 
iron  plate  with  a  rim  cast  on  and  are  provided  with  hemispherical 
hoods  to   shield  the  workmen  from  sulphurous  acid.     These  hoods 
have  two  side  working  openings,  9  by  18  inches,  and  the  fumes 
escape  at  the  top  through  a  lead  pipe,  10  inches  in  diameter,  con- 
nected by  a  water  trap  to  the  stack,  draught  being   produced   if 
necessary  by  a  steam  jet.     A  charge  of  960  lbs.  is  placed  in  the  pan, 
and  1000  lbs.  of  sulphuric  {icid  (6()°  B.)  run  in ;  this  causes  an  iramediaU' 
and  violent  reliction,  sulphur  and  sulphur  dioxide  being  liberated. 
When  this  retiction  has  moderated  more  sulphuric  acid  is  added  in 
small  quantities,  until  3,000  lbs.  in  all  of  the  acid  have  been  put  in. 
Anhydrous   copper    sulphate    separates   out,   and    this   necessitates 
(XJcasional  stirring.     When  90  per  cent,  of  the  acid  has  been  run  in, 
the  mass  foams  violently ;  the  fire  is  then  lowered  and  the  contents 
of   the    pot   stirred   continuously   until    the    foaming  ceas(»s;  this 
marks  the  end  of  the  reaction.     The  pot  is  cooled  and  the  contents 
are  transfen-ed  along  a  movable  gutter  into  wooden  vats  lined  with 
lead,  4  feet  by  8  feet  by  2  feet,  filled  with   water  up  to  within 
8  inches  of  the  brim.     The  liquid  is  now  heated  by  a  steam  coil,  and 
when  the  insoluble  matter  has  settled  down  as  a  white  slime,  it  is 
run  off  into  precipitating   vessels,  where   the  silver  in  solution  is 
thrown  out  by  metallic  copper. 

The  residue  in  the   lixiviation  vats  consists  chiefly  of  metallic 
silver  and  the  sulphates  of  lead  and  silver.     It  is  washed  8  to  10 
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times  with  acid  liquor,  and  that  part  of  the  filtrate  which  has  a 
density  of  20°  B.  is  passed  on  to  the  precipitating  vessels.  The 
residue  now  contains  1785  to  6517  per  cent,  of  silver  and  0*715  to 
0'343  per  cent,  of  gold,  and  is  further  washed  on  sand  filters  in  which 
the  water  flows  upwards.  These  filters  are  contained  in  lead  lined 
boxes,  3  feet  by  6  feet  by  2  feet,  and  consist  of  perforated  lead  plates 
covered  with  cocoa-nut  matting,  and  upon  this  a  layer  of  pure  quartz 
sand  3  to  4  inches  thick.  They  are  cleaned  every  fortnight  by 
washing  with  water,  and  the  sand  layer  is  boiled  up  with  concentrated 
sulphuric  acid  once  a  year  to  remove  the  silver  which  collects  in  it  to  a 
considerable  extent.  The  filtrate  passes  into  a  larger  vessel,  9  feet  by 
7  feet  by  3  feet,  in  which  the  silver  is  precipitated  by  copper.  This 
operation  lasts  5  hours,  and  the  liquid  is  heated,  as  before,  with 
steam.  The  precipitation  of  the  cupriferous  liquor  in  the  smaller 
vats  takes  18  hours  to  complete,  and  the  clear  liquor  after  precipita- 
tion is  brought  into  a  lead  lined  vat,  evaporated  to  20°  B.,  and  then 
run  into  dishes  to  crystallise  out  the  copper  vitriol.  The  silver  pre- 
cipitate from  these  vats  is  washed  with  hot  acidulated  water  in 
vessels  6  feet  by  3  feet  by  2  feet.  The  filter  consists  of  asbestos  laid 
between  perforated  sheets  of  lead,  and  the  copper  in  the  filtrate  is 
removed  by  precipitation  with  iron.  The  washed  silver  is  moulded 
into  slabs  in  a  hydraulic  press,  and  then  melted  in  plumbago  crucibles, 
the  silver  obtained  being  999*4  fine. 

The  liquor  from  the  precipitation  of  silver  in  the  large  vats  is 
used  again  for  the  lixiviation  of  the  decomposed  sulphide  mass, 
whereby  it  becomes  enriched  in  copper  and  its  density  reduced  by 
the  steam  to  20-25°  B.  It  is,  therefore,  concentrated  to  37°  B. 
and  set  to  crystallise ;  in  2  days  a  crop  of  copper  vitriol  crystals  is 
obtained,  and  the  mother-liquor  from  this  is  evaporated  to  42°  B. 
A  mixture  of  copper  and  iron  sulphates  separates  out,  from  which 
the  iron  salt  is  obtained  in  solution  by  treatment  with  cold  water ; 
the  moth«r-liquor  is  evaporated  to  50-52°  B.,  when  the  greater  part 
of  the  iron  vitriol  is  obtained,  the  mother-liquor  from  which  is 
used  for  treating  the  decomposed  sulphide  mass. 

The  results  for  the  year  1894  at  MarsacMill  show  an  extraction  of 
silver  of  100*76  per  cent,  as  against  the  assay,  and  of  gold  93*93 
per  cent.  The  advantages  of  the  process  are  a  high  yield  of  pure 
silver,  and  simplicity  and  cheapness  in  working.  The  process  was 
used  at  Aspen  Mill  for  the  treatment  of  poor  sulphide  precipitates, 
but  has  been  given  up,  the  precipitates  being  now  sold  to  smelters. 

The  yield  of  silver  from  the  Patera  process  is  70  to  90  per 
cent. 
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At  Sombrerete,  Mexico,  the  Patera  process  is  applied  to  ores  which 
could  not  be  treated  successfully  by  the  Russell  process.  These  ores, 
which  contain  galena,  zinc  blende,  copper,  and  iron  pyrites,  proustite 
and  pyrargyrite  and  siliceous  gangue,  and  average  9  to  10  per 
cent,  of  lead  and  41*9  ounces  of  silver  per  ton,  arc  dried,  crushed  in 
rolls,  and  then  roasted  with  6  per  cent  of  salt  in  hand- worked 
reverberatories  with  3  hearths.  The  roasted  mass  is  run  from  the 
furnace  in  iron  wagons  to  the  lixiviation  vats.  These  hold  55  to 
58  ton  of  stuff;  water  to  a  depth  of  3  feet  is  run  into  them  before 
the  ore  is  tipped.  The  leaching  is  done  first  with  cold  water,  and 
the  solution  which  flows  away  at  the  top  of  the  vat  is  for  some  tiioe 
hot  and  dark  green  in  colour.  As  soon  as  the  liquor  ceases  to  give 
a  precipitate  with  sodium  sulphide,  the  water  is  replaced  by  0*5  to 
0*75  per  cent,  sodium  thiosulphate  solution.  The  oxidation  of 
sodium  sulphide  keeps  the  solution  at  this  strength.  When  the 
tests  show  the  thiosulphate  solution  to  be  free  from  silver,  the  ore 
is  washed  with  water,  and  the  residue  shovelled  out  of  the  vats. 
The  watery  solution  is  treated  with  scrap  iron,  the  thiosulphate 
solution  with  sodium  sulphide.  The  following  details  are  given : — 
Loss  of  silver  by  volatilisation,  48  per  cent. ;  the  roasted  ore  contains 
11*5  per  cent,  of  soluble  matter  and  42*6  ounces  of  silver  per  ton, 
90*9  per  cent,  of  which  is  chloridised.  The  leaching  vats  are  16  feet 
6  inches  in  diameter  and  7  feet  3  inches  high ;  the  water  extraction 
lasts  12  hours,  the  .thiosulphate  extraction  96  hours,  and  the  rate  of 
passage  of  the  liquids  through  the  ore  is  9  inches  an  hour.  The 
extracted  residue  contains  3*9  ounces  of  silver  per  ton :  the  quantity 
leached  out  is  88*6  per  cent,  of  the  roasted  ore,  and  82*5  per  cent, 
of  the  crude  ore.  The  precipitate  from  the  water  extraction  contains 
1,500  to  3,000  ounces  of  silver  per  ton,  that  from  the  thiosulphate 
10,000  to  15,000  ounces  of  silver  and  9  to  10  of  gold.  The  costs  per 
ton  of  ore  are  : — 

8.    d. 

Crushing 5     7f 

Salt  and  roasting 11     IJ 

Labour  for  leaching lli 

Chemicals 13 

Supervision 4    3 

Heating,  light,  pumping,  and  repairs  ...  04 

Total £1     3     8J 


^mmmmm^^mmi^ 


At  the  Cusihuiriachic   works,    Chihuahua,   Mexico,   the   Russell 
process  has  albo  been  given  up  and  replaced  by  the  Patera  process. 
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The  Kiss  Process 

In  this  process  a  solution  of  calcium  thiosulphate  is  used  for 
extracting  the  ores  after  the  chloridising  roasting,  the  silver  being  pre- 
cipitated from  the  liquors  by  calcium  sulphide,  calcium  thiosulphate 
being  thus  regenerated.  This  process  is  carried  out  in  the  same  way 
as  the  Patera  process,  similar  plant  being  used. 

The  solution  of  the  silver  chloride  proceeds  according  to  the 
equation : — 

SCaSPj + 2  AgCl  =  AggCa^CSA)^ + CaCl^. 

In  this  process  any  lead  dissolved  in  the  thiosulphate  liquors  cannot 
well  be  precipitated  by  sodium  carbonate,  as  this  would  also  throw 
down  the  lime;  neither  is  an  after  extraction  with  sodium-copper 
thiosulphate  (RusseH's  method)  possible. 

The  solvent  capacity  of  calcium  thiosulphate  for  silver  chloride  is 
somewhat  smaller  than  that  of  sodium  thiosulphate,  being,  according 
to  Russell,  in  the  ratio  of  91 '5 :  100  for  1}  per  cent,  solutions ;  both 
compounds  have  the  same  solvent  capacity  for  gold. 

Calcium  thiosulphate  solutions  also  decompose  more  rapidly  than 
those  of  the  sodium  salt,  taking  up  oxygen  from  the  air  and  forming 
calcium  sulphate.  Stetefeldt^  has  shown  that  1*4  and  161  per  cent, 
respectively  of  solutions  of  sodium  and  calcium  thiosulphate  of  the 
same  strength  originally,  were  decomposed  on  standing  one  week. 

The  thiosulphate  is  produced  by  passing  sulphur  dioxide  into  solu- 
tions of  calcium  sulphide,  thus : — 

Ca^Sfi + 3SO2  =  2CaS203  +  28^, 

or  by  the  spontimeous  oxidation  of  calcium  sulphide  in  air, 

2CaS., + 3O2  =  2CaS203  +  SS^. 

As  the  lower  sulphides  of  calcium  are  insoluble  in  water,  it  is  best  to 
prepare  the  higher  sulphides ;  this  is  done  by  dissolving  powdered 
sulphur  in  lime  water.  For  this  purpose  quicklime  is  dissolved  in 
boiling  water,  and  for  every  15  parts  of  lime  1  part  of  crushed  roll 
sulphur  is  added,  the  process  being  finished  after  3  or  4  hours'  boiling, 
the  reaction  being: — 

3CaO  -h  1 2S  =  2CaS5  -|-  CaSA- 

Since  only  calcium  mono-sulphide  is  effective  in  the  precipitation 
of  silver,  a  great  deal  of  sulphur  is  thrown  out  in  the  reliction.  The 
precipitated  silver  sulphide  can  be  freed  from  this,  and  the  sulphur 

1  Traim,  A.I.M.E,  xiii.  p.  97. 
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made  useful  at  the  same  time,  by  boiling  with  caustic  soda  or  lime 
water. 

The  Kiss  process  is  in  use  at  some  works  in  the  neighbourhood  of 
Nagybanya  in  Hungary,  in  the  United  States,  and  in  Mexico.  It  has 
the  advantages  that  when  carried  out  in  a  place  far  removed  from 
civilisation,  only  sulphur  need  be  imported,  provided  that  limestone 
occui's  in  the  neighbourhood ;  furthermore,  the  liquor  does  not  become^ 
readily  alkaline,  it  is  constantly  regenerated,  and  it  cannot  become 
siiturated  with  sodiimi  sulphate,  since  that  body  is  decomposed  by 
the  calcium  thiosulphate.  The  disadvantages  are: — the  large 
amount  of  sulphur  needed  at  first,  the  ready  decomposition  of  the 
Ciilcium  sulphide,  and  the  contamination  of  the  sulphide  precipitate; 
with  sulphur  and  calcium  sulphate,  the  quick  oxidation  of  the  calcium 
sulphide  with  the  result  that  the  solution  becomes  too  highly 
charged  with  thiosulphate,  the  choking  of  filters  and  tubes  with 
calcium  sulphate,  and  finally  the  larger  outlay  on  plant  compared  tn 
the  Patera  process.  Hence  the  method  is  generally  combined  with 
the  Patera  process. 

The  Kiss  process  is  worked  like  the  Patera  process  and  the  yield 
of  silver  is  70  to  85  per  cent. 

At  San  Francisco  del  Oro,  Par  al,  Mexico,^  ores  with  23*35  ounces 
per  ton  of  silver  are  roasted  for  4  hours  with  4*7  per  cent,  of  salt  in 
reverberatories  with  fixed  hearths.  The  loss  of  silver  by  volatilisa- 
tion is  7  9  per  cent.,  the  chloridisation  reaches  81*6  per  cent,  and  the 
roasted  muss  contains  26'1  ounces  of  silver  per  ton.  The  vats  hold 
8}  tons  of  ore,  and  the  solution  passes  through  at  the  rate  of  8^  inches 
per  hour.  The  extraction  with  water  lasts  9  hours,  with  thiosulphate  97 
hours,  and  100  cubic  feet  of  wash  water  are  used  per  ton  of  ore.  The 
leached-out  ore  contfiins  4*76  ounces  of  silver  per  ton,  and  the  jield 
of  silver  is  82  per  cent,  of  the  amount  in  the  roasted  mass,  or  74*9  of 
that  in  the  crude  ore.  One  ton  of  ore  requires  7  lbs.  of  sulphur  and 
21  lbs.  of  lime.  The  sulphide  precipitate  contains  6,500  ounces  of 
silver  per  ton,  and  the  cost  works  out  at  12s.  lid.  per  ton.  This  is 
made  up  as  follows: — Salt  and  roasting,  9s.  3d.]  labour,  lOrf. : 
chemicals,  Is.  Q\d.;  pumping,  heating  and  light,  3W. ;  foremen's 
wages  and  Repairs,  11  ^rf. 

The  Combined  Patera  and  Kiss  Process 

Hofmann  -  recommends  combining  the  two  processes  by  dissohing 
the  silver  in  sodium  thiosulphate,  and  precipitating  it  with  calcium 

*  Hofmann,  Ewj.  and  Min.  Journ.  1889,  p.  23. 
-  The  Mijttral  Imlmtry;  1899,  p.  372. 
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sulphide.  This  is  said  to  prevent  thu  accumulation  of  sodium 
sulphate  in  the  liquor,  since  this  3a,lt  reacts  with  calcium  sulphide 
forming  calcium  sulphate  and  sodium  sulphide,  and  the  latter  then 
precipitates  the  silver.  This  method  is  said  to  work  especially  well 
with  those  ores  which  require  a  large  quantity  of  salt  for  the  chlori- 
dising  roasting. 

Hofrnann  states  (op.  cit.,  p.  ;i(>7)  that  calcium  thiosulphate  and 
sodium  sulphate  undergo  double  decomposition, and  that  the  silver  in 
the  Kiss  process  is  really  leacheil  out  by  the  sodium  thiosulphate 
thus  tunned.  It  is  questionable,  however,  whether  the  csilcium  thio- 
sulphate is  converted  completely  into  the  sodium  salt.  The  use  of 
Ciilciimi  sodium  thiosulphate  at  Kapnik  has  already  been  described 
in  detiiil. 

The  Russell  Process 

In  this  process  the  silver  present  in  the  oi-e  as  simple  sulphide, 
or  in  combination  with  arsenic  and  antimony  sulphides,  or  as 
araeniate  or  antimoniate,  as  well  as  that  present  in  the  metallic 
state,  together  with  any  gold,  is  dissolved  by  a  solution  of  sodium- 
copper  thiosulphate.  From  this  solution  the  silver  is  precipitated 
by  sodium  sulphide,  and  the  sulphide  precipitate  worked  up  for 
metallic  silver  and  copper  sulphate.  Calcium  thiosulphate  cannot 
be  iised,  as  it  is  precipitated  by  sodium  carbonate,  and  would  be 
thrown  down  in  the  precipibvtion  of  the  lead  in  the  liquor  by  this 
reagent. 

The  process  has  been  used  here  and  there  for  raw  ores,  and  with 
variable  success  at  some  American  works  sis  an  auxiliary  to  the  Patenv 
process,  the  extniction  with  sodium  thiosulphate  being  followed  by  an 
extraction  with  the  swlium-copper  salt,  any  silver  or  gold  in  the  metallic 
state,  or  any  sulphide,  arseniate,  or  antimoniate  of  silver  being  dis- 
solved by  the  latter  substiince.  Silver  chloride  is  dissolved  in  much 
smaller  quantity  and  more  slowly  by  8odium-C()pper  thiosulphate 
than  by  sodium- thiosulphate. 

There  are  several  sodium -copper  thiosiilphatea,  and  they  arc 
obtained  by  mixing  soUitions  of  sodiimi  thiosulphate  and  copper 
sulphate ;  these  double  siilts  sejNiRitc  a»  yellow  precipitates,  when 
sohitions,  not  too  dilute,  of  the  two  salts  are  mixed.  The  salt 
obtained  in  this  way  by  Lenz  has  the  following  formula : — 

and  is  formed  according  to  the  ecjuation : — 
llNajS,Oa-|-tiCuSO^  =  2NajS,03,3CujSjO,-f-6Na^80,+3Na^S,Ofl. 
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It  is  slightly  soluble  in  water  (1  in  352),  easily  soluble  in  sodium 
thiosulphate  solutions,  one  part  of  the  crystallised  salt  dissolving  from 
225  to  2*46  parts  of  the  double  salt  according  to  the  strength  of  the 
solution.  This  proportion  corresponds  very  nearly  to  two  equivalents 
of  sodium  thiosulphate  and  one  equivalent  of  2NagS2O3,3CujS203 
+  5H2O,  and  Russell  therefore  assumes  that  a  double  salt  of  the 
formula  4Na2S203,3Cu2S203+a:H20  exists  in  the  solution.  This 
easily  soluble  double  salt  is  formed  by  mixing  solutions  of  copper 
sulphate  and  sodium  thiosulphate  according  to  the  equation  : — 

1 3Na2S203 + 6CuS0,  =  4Na2S203,3Cu2S203 + GNj^SO, + BNa^S^O^, 

and  it  is  a  solution  of  this  salt  4Na2S20jj,3Cu2S203+a:H,O  which 
constitutes  what  is  called  the  extra  solution  in  the  Russell  process, 
as  distinguished  from  the  ordinary  solution  containing  only 
sodium  thiosulphate.  It  is  prepared  by  dissolving  together  \  part 
by  weight  of  sodium  thiosulphate  and  1  part  of  copper  sulphate. 
Collins^  assumes  that  the  solution  contains  the  salt  NajSjOjjCujSPy 
which  is  formed  thus : — 

4Na2S203 + 2CuS0,  =  Na2S203,Cu2S203 + 2Na2SO, + Na^S.O^ 

In  presence  of  air  the  solution  slowly  decomposes  with  formation  of 
sodium  tetrathionate  and  separation  of  copper  hydrate  as  follows  :— 

CU2S2O3 + Na2S203 + 20  +  2H2O  =  2Cu(OH)2 + NagS^^- 

In  presence  of  sulphuric  acid  the  precipitation  of  copper  proceeds 
more  slowly,  the  copper  hydroxide  dissolving  in  the  acid  until  the 
latter  is  neutralised. 

On  heating  to  above  85''  C.  the  salt  decomposes,  copper  sulphide 
being  deposited  and  sulphur  dioxide  evolved,  thus : — 

Na2S203,Cu2S203 = Na2S04 + CugS  +  SOj + S. 

and  in  presence  of  sulphuric  acid  this  decomposition  takes  place  at  a 
lower  temperature. 

Caustic  soda  and  quicklime  precipitate  cuprous  hydrate  from  the 
solution,  but  this  can  be  again  dissolved  by  the  addition  of  «Klium 
thiosulphate.  In  presence  of  air  the  cuprous  hydrate  oxidises  to 
cupric  hydrate,  which  is  insoluble  in  sodium  thiosulphate  solution. 

At  the  ordinary  temperature,  sixiium  carbonate  is  without  action 

on  the  solution,  but  if  heated  to  over  30°  C.  a  precipitate  of  copper 

carbonate   is   produced,   which   dissolves   on   the   addition   of  more 

scxlium  thiosulphate  solution.     According  to  Gmelin  this  precipitate? 

is  cuprous  hydrate. 

1  OjK  cit.  p.  201.   - 
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A  different  sodium-copper  thiosulphate,  having  the  formula  : — 

8Na2S203,3Cu2S203 + xUfi 

is  obtained  when  1  part  by  weight  of  crystallised  copper  sulphate  is 
dissolved  in  water  together  with  4|^  parts  of  sodium  thiosulphate. 
This  salt  is  colourless  and  its  aqueous  solution  decomposes  less 
rapidly  than  Russell's  salt.  Free  acids,  however,  decompose  it 
tolerably  quickly ;  caustic  soda  only  produces  a  precipitate  when 
heated  to  over  50°  C,  whilst  sodium  carbonate  does  not  produce  any 
precipitate. 

RusselUs  researches  disclosed  the  fact  that  solutions  of  the  salt 
4Na2SjOjj,3Cu2S203+a;H20  had  the  property  of  quickly  dissolving 
metallic  silver,  the  solvent  capacity  of  such  solutions  being  at  the 
ordinary  tempemture  9  times  and  at  50**  C,  3^  times  as  great  as  that 
of  sodium  thiosulphate  solutions.  The  reason  of  this  increased  solvent 
power  lies  in  the  property  of  the  copper  salt  of  absorbing  oxygen 
from  the  air  and  acting  as  a  carrier  of  oxygen  to  other  bodies  (in  this 
case  to  silver). 

Metallic  gold  is  dissolved  only  to  the  same  extent  that  it  is  by 
sodium  thiosulphate  solutions. 

Silver  sulphide  (AggS)  is  quickly  decomposed  by  the  double  salt, 
copper  sulphide  being  precipitated  and  silver  going  into  solution. 
For  every  1  part  by  weight  of  Lenz*s  salt  dissolved  to  saturation 
in  sodium  thiosulphate  solution,  01 13  to  0137  part  of  silver  is 
dissolved  from  silver  sulphide,  the  same  amount  of  the  salt  in 
aqueous  solution  only  dissolving  0*022  part  of  silver. 

The  equation  representing  the  decomposition  of  silver  sulphifle  is, 

Na2S203,Cu2S203+ AggS  =  Na2S203,Ag2S203+ CugS 

and  the  solution  of  gold  in  the  solution  is  represented  by  the  e(jua- 
tion, 

Na2S303,Cu2S203 + 2  Ag + 0  =  'i^'A^^^^^^g.^fi^ + CugO.i 

Sulphide  of  gold  is  also  quickly  decomposed,  copper  sulphide 
being  thrown  down  and  gold  dissolved. 

Arseniate  and  antimoniate  of  silver  are  decomposed  in  the  same 
way  as  by  a  simple  sodium  thiosulphate  solution,  and  similar 
quantities  of  silver  pass  into  solution.  It  may  be  remarked  that 
these  data  are  the  result  of  laboratory  experiments  and  have  not 
been  obtained  from  investigations  on  a  large  scale. 

The  preparation  of  the  ores,  the  roasting,  washing  out  the  soluble 

^  Collins,  op.  cit,  p.  208. 
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chlorides  with  water,  the  lixiviation  with  the  solvent,  and  the  pre- 
cipitation of  the  lead  with  carbonate  of  soda  are  carried  out  in  jwst 
the  same  way  as  the  corresponding  operdtit)ns  in  the  Patera  pn)cess. 

The  sodium-copper  thiosulphatc  liquor  is  not,  however,  n*- 
generated,  as  the  copper  is  precipitated  with  the  silver  on  the 
addition  of  sodium  sulphide.  It  must  therefore  be  prepai-ed  afresh 
for  each  operation,  and  as  it  gradually  decomposes  when  exposed  tti 
the  air,  it  cannot  well  be  kept  in  stock,  but  must  be  made  imme- 
diately before  use.  This  can  either  be  d(me  in  a  special  tank  placed 
over  the  lejvching  vat,  or  in  the  leaching  vat  containing  the  ore,  by 
mixing  the  copper  sulphate  and  sodium  thiosulphatc  solutions  in  the 
proper  proportion. 

The  composition  of  the  liquor  is  varied  according  as  to  whether 
the  ores  are  free  from  calcium  carbonate  or  contain  it;  in  the 
latter  case  caustic  lime  is  produced  in  the  roasting,  mid  the 
liquoi"s  are  then  made  to  contain  less  copper.  In  general  the  liquors 
contain  1*5  to  2'3  per  cent,  of  sodium  thiosulphate  and  0*5  to  11  jkt 
cent,  of  copper  sulphate. 

The  manner  of  extraction  is  also  varied  according  as  to  whether 
the  ores  are  free  fi-om  alkalies,  or  contiiin  ai'senic  acid  in  addition  t4» 
lime,  or  contain  lime  or  other  alkaline  substances. 

In  the  first  case,  the  extraction  with  the  extra  solution  of  scxliuin- 
copper  thiosulphate  follows  the  extraction  with  sodium  thiosulphat*' 
alone,  the  extra  solution  being  continuously  circulated  through  the 
mass  of  ore  in  the  vat  with  the  help  of  a  Kiirting's  injector.  This 
lasts  from  3  to  5  houra,  and  is  continued  as  long  as  any  silver  i> 
dissolved.  After  this  a  solution  of  sodium  thiosulphate  alone  is  nin 
on  for  a  second  time,  the  degree  of  extraction  being  ascertaint*d  by 
assiiys  of  the  residue. 

In  the  case  of  roasted  ores  contiiining  arsenic  acid  in  addition  t«» 
lime,  they  are  treated  first  with  the  simple  sodium  salt  as  in  thr 
previous  cjise,  and  then  with  the  coppc.T  solution,  with  this  difteivnofi 
that  the  solution  is  not  circulated  through  the  mass,  but  simply 
allowed  to  remain  on  it  for  10  to  12  hours.  A  washing  with  sodium 
thiosulphate  solution  is  then  given  as  before. 

With  ores  cont^iining  lime,  the  extraction  with  s<xlium-copper 
thiosulphate  precedes  the  extracticm  with  the  sodium  salt,  and  the 
ore  is  washed  with  water  between  the  two  operations.  The  liquors 
are  neutralised  by  the  copper  solution,  and  the  injurious  influence  ot 
the  lime  on  the  solution  of  the  silver  is  thus  diminished. 

In  order  to  avoid  the  effects  of  the  dilution  of  the  liquor  by  thf 
washing,  about  a  couple  of  pounds  of  copper  sulphate  dissolved  in 


10  or  12  hours,  an  extraction  with  sodium  thiosuiphate  wjlution 
concluding  the  operation  as  before. 

From  both  the  sodium  and  copper-sodium  thiosulphatc  solutions 
the  lead  is  then  precipitated  by  the  addition  of  carbonate  of  soda, 
and  the  liquors  decanted  from  the  precipitate  are  treated  with  sodium 
sulphide,  which  precipitates  the  copper  and  silver  as  sulphides. 

Accoi'ding  to  Stetcfeldt,'  the  following  are  the  average  results 
obtained  in  the  precipitation : — 

100  oi'ciiustic  soda,  converted  into  sodium  sulphide,  precipitate 
162     parts  of  silver  as  Ag^S. 
155-2     „      „  lead  as  PbS. 
94'5      „      „  copper  as  Cu^S. 
and  100  parts  of  Solvay  soda  precipitjvte 
191  4  pai'ts  of  lead  as  carbonate. 
36-9      „     „  lime  „ 

The  treatment  of  precipitates  consisting  mainly  of  sulphides  of 
copper  and  silver  has  already  been  described  (p.  879). 

The  author  saw  this  process  in  operation  in  1892  at  the  Marsac 
Mill,  Park  City,  Utah,  U.S.A. 

The  ores  which  are  worked  there  an;  partially  oxidiaed,  and 
contain,  according  to  Lamb';  silicA  706,  iiwn  165,  lime  1"32, 
magnesia  02.3,  lead  35,  copper  039,  zinc  5S,  and  sulphur  0'7  per 
cent.  The  average  silver  content  for  1891  was  i^H  ounces  per  ton, 
the  gold  cmtent  0-04.9  ounce.  In  1895  the  oi-es  average<l  3728 
ounces  of  silver  per  ton. 

The  ores  are  dried  in  rotating  cylinders,  then  stamped  dry  and 
pa.ssed  through  a  30  sieve.  There  are  30  stamps,  each  of  which  puts 
throiigh  2j|  tons  of  ore  with  89  per  cent,  of  salt  per  day.  The  ore  is 
then  submitted  to  a  ehloridiaing  roasting  in  a  Steteteldt  furnace, 
which  works  off  daily  70  tons  of  roasted  ore,  containing  3603  ounces 
of  silver  per  ton,  92-4  per  cent,  of  the  silver  being  converted  into 
chloride.  After  roasting,  the  ores  are  extracted  in  the  vats  previously 
described,  first  with  water,  to  dissolve  lead  chloride  and  sfjdium 
sulphate,  then  with  sodium  thiosulphatc,  and,  lastly,  with  sodium- 
copper  thiosulphate  solution. 

From  the  solution  and  the  washings  the  metals  are  thrown  down 

'  Tram.  A.I.M.E.,  Cleveland  Meeting,  June,  1891. 
'  Eng.  and  Mia.  Joum.,  Dec.  17,  ISW. 
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as  sulphides  by  the  addition  of  sodium  sulphide.  From  the  sodium 
and  copper-sodium  thiosulphate  solutions  the  lead  is  first  precipitated 
with  sodium  carbonate,  the  lead  carbonate  precipitate  being  sold. 

The  solution  decanted  from  the  precipitated  lead  carbonate  is 
treated  with  sodium  sulphide.  The  lixiviation  vats  are  17  feet  wide 
and  9  feet  deep  and  hold  72  tons  each.  The  leaching  out  occupies 
19  hours  for  water,  87  hours  for  thiosulphate  solution  and  27  hours 
for  extra  solution,  the  total  for  each  vat  being  from  130  to  150  hours. 
The  solution  passes  through  at  the  rate  of  37  inches  per  hour,  and 
the  volume  of  liquor  used  per  ton  of  ore  is  18*3  cubic  feet  of  water, 
68  of  thiosulphate  and  105  of  extra  solution.  The  concentration  of 
the  sodium  thiosulphate  solution  is  15  to  2  per  cent.,  of  the  extra 
solution,  0*75  per  cent,  of  copper  sulphate,  and  2*25  per  cent,  of 
sodium  thiosulphate.  The  residues  contain  2*65  ounces  of  silver  per 
ton.  The  consumption  of  the  various  reagents  per  ton  of  ore  is 
855  lbs.  of  sodium  thiosulphate,  5*66  lbs.  of  copper  sulphate,  5*55  lbs. 
of  caustic  soda,  3*65  lbs.  of  sulphur,  and  5*17  lbs.  of  sodium  carbonate?. 
The  composition  of  the  two  sulphide  precipitates  and  the  lead 
carbonate  precipitate  is  as  follows : — 


Silver  (ounces  per  ton) 

Gold 

Lead    (per  cent. ) 

Copper 


>• 


>> 


Sulphide  precipitAtc  Sulphide  precipitate 
from  the  water      !       from  the  thio- 
sohition.  '    sulphate  solutiou. 


2,200—5,200 
1-6—  3  9 
3-8— 45 
2-6—  5-2 


11,200—12,000 
111— 12  1 

23    —28 


Lead  carbonate 
precipitate. 


600-1400 
0-6—1  -9 
2a-41 


The  further  treatment  of  these  precipitates  is  the  same  as  in  tho 
Patera  process.  At  most  85  per  cent,  of  the  silver  is  obtained  by 
this  method.^ 

At  Holden  Mill,  Colorado,  the  ores  contain :  silica  21*66,  iron 
10*02,  lime  11,  magnesia  424,  lead  2*28,  copper  0*16,  zinc  285, 
sulphur  81,  and  barium  sulphate  2072  per  cent.,  and  the  silver 
averages  31*26  ounces  per  ton.* 

The  dried  and  crushed  ores  are  roasted  for  24  houra  with  12*2  per 
cent,  of  salt  in  Stetefeldt  fiimaces  of  90  tons  capacity,  whereby  70  per 
cent,  of  the  silver  is  converted  into  chloride  and  9*2  per  cent,  lost  by 
volatilisation.  The  leaching  vessels  have  the  same  dimensions  as 
those  at  Marsac  Mill ;  they  hold  58*2  tons  of  roasted  ore,  which  is 

^  Collins,  op,  cit.  p.  230. 

'-*  Morse,  Trans,  A.I.M.E.  xxv.  p.  137. 
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extracted  for  100  hours,  only  9  hours  being  taken  up  by  the  water 
extraction.  The  solution  passes  through  13  inches  of  the  ore  in  1 
hour,  and  the  quantity  of  solution  per  1  ton  of  ore  is  44  cubic  feet  of 
water,  120  of  sodium  thiosulphate  solution  (18  per  cent,  strength), 
and  40  of  extra  solution.  The  extra  solution  contains  0*5  per  cent,  of 
copper  sulphate.  The  leached-out  residues  contain  3*8  ounces  of 
silver  per  ton.  The  consumption  of  reagents  per  ton  of  ore  is  9*98 
lbs.  of  sodium  thiosulphate,  13*45  lbs.  of  copper  sulphate,  1886  lbs. 
of  sulphur  and  caustic  soda,  and  404  lbs.  of  sodium  carbonate. 
About  82  per  cent,  of  the  silver  is  extracted. 

The  Russell  process  has  not  been  successful  at  the  Mexican  Works, 
except  those  at  Yedras,  and  has  been  given  up  in  favour  of  the  Patera 
process.  It  is  used  at  Sala  in  Sweden  for  the  treatment  of  tailings 
containing  1*4  per  cent,  of  lead  and  0018  per  cent,  of  silver  (5  J  ounces 
per  ton).^  These  are  leached,  without  previous  chloridising  roasting, 
in  vats,  6  feet  4  inches  long  and  3  feet  6  inches  deep,  with  extra 
solution  containing  1*43  per  cent,  of  sodium  thiosulphate  and  0*28  per 
cent,  of  copper  sulphate.  The  solution  is  warmed  to  40°  C,  and  small 
quantities  of  sulphuric  acid  are  added  to  neutralise  the  lime.  The 
liquor  stands  a  few  inches  high  above  the  surface  of  the  ore,  and  is 
kept  in  circulation  for  some  time  by  a  Korting  injector,  after  which 
it  is  allowed  to  stand  for  4  hours.  It  is  now  run  oflF,  the  residue 
washed  with  a  little  hot  water,  and  the  silver  precipitated  with 
sodium  sulphide.  The  precipitate,  filtered  and  dried,  contains  9  per 
cent,  of  silver,  40  of  copper,  9  of  lead,  6  of  iron,  and  0*04  of  mercury, 
and  is  worked  up  with  lead  mattes  for  rich  work-lead. 

The  Russell  process  has  not  been  found  suitable  for  the  treatment 
of  similar  tailings  at  the  Blue  Bird  Mine,  Butte,  nor  at  Broken  Hill, 
and  in  fact  it  can  only  be  applied  profitably  in  exceptional  cases. 
Compared  with  the  Patera  process  the  jdeld  of  silver  is  smaller,  the 
cost  of  chemicals  is  greater  (5*.  4d.  against  Is.  6d.  per  ton),  the  plant 
is  more  complicated,  and  more  skilled  workmen  are  required  to  work  it. 
It  can  of  course  be  applied  to  raw  oxidised,  or  carefully  desulphurised 
ores,  but  even  in  these  cases  treatment  with  sodium  thiosulphate 
alone  is  applicable ;  and  although  the  yield  of  silver  is  somewhat 
greater  when  sodium  copper  thiosulphate  is  used,  yet  this  advantage  is 
amply  offset  by  the  increased  consumption  of  copper  sulphate. 

Extremely  poor  results  were  obtained  at  Sombrerete  and 
Cusihuiriachic  in  Mexico,  by  the  application  of  the  Patera-Russell 
process  to  ores  rich  in  galena  and  zinc  blende,  and  it  was  found  that 
the  silver  not  in  the  form  of  chloride  was  attacked  but  slowly  by  the 

I  Asbeck,  Proc,  Inst.  Civ,  Ewj.  Abst.  xsxvi.  p.  469. 
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extra  solution.^  The  oxidised  and  carefully  roasted  ores,  containing 
chiefly  quartz  and  but  little  lime,  worked  at  Marsac  Mill,  gave  much 
better  results  with  this  process,  whilst  at  Aspen,  where  the  ores  con- 
tain much  lime,  it  was  found  that  the  process  worked  too  slowly  and 
that  too  much  copper  sulphate  was  needed.  Except  then  under 
special  conditions  the  Patera-process  is  to  be  preferred  to  the 
Russell,  or  the  Patera-Russell  process. 

The  Production  of  Silver  from  Copper  Ores  which  have 

UNDERGONE  A  ChLORIDISING  RoASTING 

In  the  extraction  of  cupriferous  pyrites  after  they  have  been 
subjected  to  a  chloridising  roasting,  by  means  of  end  liquors^  that  is 
by  the  liquors  obtained  in  the  precipitation  of  the  copper  by  metallic 
iron,  and  consisting  of  chlorides  of  iron,  copper  and  alkalies,  the 
greater  part  of  the  silver  in  the  roasted  ore  is  obtained  in  the  first 
liquor.  From  this  the  silver  may  be  precipitated  as  iodide  by  means 
of  an  addition  of  iodide  of  potassium,  sodium  or  zinc,  or  it  may  be 
precipitated  as  sulphide  by  sulphuretted  hydrogen. 

The  first  method  is  known  as  Claudet's  process.  The  quantity  of 
iodide  which  is  necessary  is  greater  than  corresponds  to  the  amount 
of  silver  present,  as  a  part  of  the  lead  present  is  thrown  down  as 
lead  iodide ;  cuprous  chloride  is  also  converted  into  cuprous  iodide 
when  zinc  iodide  is  used.  The  precipitate  consisting  principally  ot 
silver  and  lead  iodides  and  lead  sulphate  is  reduced  by  metalUc  zinc 
in  the  presence  of  hydrochloric  acid,  metallic  silver  and  zinc  iodide 
being  produced.  The  silver  is  obtained  as  a  spongy  mass  mixed 
with  pieces  of  zinc  and  containing  60-65  per  cent,  of  lead  (reduced 
from  lead  iodide),  5  to  6  per  cent,  of  silver,  and  any  gold  that  may 
have  been  present  in  the  ores  ;  the  zinc  iodide  is  used  over  again. 

At  Widnes  near  Liverpool  fix)m  1  ton  of  roasted  ore,  178  grains 
of  silver  and  1 J  grains  of  gold  are  obtained. 

At  Duisburg,  EonigshUtte,  Upper  Silesia,  Atvidaberg  in  Sweden, 
and  formerly  also  at  Oker,  sodium  iodide  is  used  as  the  precipitant. 
The  silver  iodide  precipitate  is  digested  with  sodium  sulphide, 
sodium  iodide  and  silver  sulphide  being  produced,  and  the  former  l> 
used  over  again  for  precipitation.  The  silver  sulphide  is  treated 
by  adding  it  to  a  lead  bath.  At  Atvidaberg  in  Sweden  the  silver 
precipitate  contains  105  per  cent,  of  silver  and  0027  toO'049  percent, 
of  gold.  At  KonigshUtte  in  Upper  Silesia  the  precipitate  contains 
26  to  30  per  cent,  of  silver  and  a  considerable  amount  of  gypsum. 

^  HoAoiuij),  The  Mineral  Industry,  1$99,  p.  390. 
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Gibb  introduced  the  use  of  sulphuretted  hydrogen  as  a 
precipitant.  By  treating  the  liquors  with  this  reagent  nearly  the 
whole  of  the  silver  is  thrown  down  with  the  first  portions  of  the  copper 
sulphide  precipitated.  The  sulphuretted  hydrogen  is  prepared  by 
acting  with  hydrochloric  acid  on  Leblanc  alkali  waste,  the  gas  being 
forced  by  an  air  pump  through  an  indiarubber  pipe  into  the  liquors. 
If  copper  is  present  in  large  excess  no  sulphuretted  hydrogen 
escapes  from  the  liquor.  The  precipitation  is  stopped  when  6  per 
cent,  of  the  copper  present  in  the  solution  has  been  precipitated. 
The  precipitate  is  filter-pressed  and  roasted  in  a  reverberatory 
furnace,  the  copper  being  partly  converted  into  sulphate  and  partly 
into  oxide  and  oxychloride,  whilst  the  silver  is  chiefly  converted  into 
chloride  by  the  action  of  the  chlorides  remaining  behind  in  the 
precipitate.  The  roasted  mass  is  ground  and  treated  in  vats  first 
with  water  and  then  with  hot  brine  which  dissolves  the  silver 
chloride.  The  solution  is  treated  with  milk  of  lime  whereby  all  the 
heavy  metals  are  precipitated.  From  the  precipitate  the  copper  is 
dissolved  by  dilute  sulphuric  acid  leaving  a  residue  containing  all  the 
silver  as  chloride.  The  residue  contains  about  9  per  cent,  of  silver 
and  30  per  cent,  of  lead. 

Snelus  proposes  to  blow  finely  divided  iron  through  the  liquid,  the 
greater  part  of  the  silver  and  a  proportionately  small  amount  of 
copper  being  in  this  way  precipitated. 

The  ZiERvoGEL  Process 

This  process  was  introduced  in  1841  by  Ziervogel  at  the 
Gottesbelohnungshiitte,  Hettstadt,  of  which  works  he  was  at  that  time 
manager,  and  it  was  there  used  for  obtaining  silver  from  the  Mansfeld 
copper  matte. 

The  process  depends  upon  the  fact  that  the  silver  in  compounds 
of  silver,  copper  and  iron  sulphides,  may,  if  not  present  in  too  large 
an  amount,  be  converted  into  silver  sulphate  by  careful  roasting. 
This  silver  sulphate  is  soluble  in  hot  water,  and  from  its  aqueous 
solution  the  silver  may  be  precipitated  by  metallic  copper. 

On  carefully  roasting  copper  matte  containing  not  too  great 
amounts  of  iron  sulphide  and  silver,  ferric  sulphate  is  first  formed  in 
addition  to  iron  and  copper  oxides,  and  as  the  temperature  is  raised 
this  is  decomposed  and  sulphuric  anhydride  is  evolved.  The  latter 
as  well  as  the  oxygen  of  the  air  bring  about  the  formation  of  copper 
sulphate,  this  latter  salt  being  stable  at  a  temperature  at  which  ferric 
sulphate  is  decomposed. 

3  M  2 
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On  still  further  increasing  the  temperature,  copper  sulphate  also 
decomposes  into  copper  oxide  and  sulphur  trioxide,  or  sulphur  dioxide 
and  oxygen.  The  sulphur  trioxide  acts  by  converting  the  hitherto 
undecomposed  silver  sulphide  into  sulphate,  sulphur  dioxide  and 
oxygen  being  produced,  the  latter  substance  exerting  a  powerful 
oxidising  action  upon  the  silver  sulphate.  Silver  sulphate  is  stable  at 
the  temperature  at  which  copper  sulphate  is  decomposed,  so  that  if 
the  operation  has.  been  carefully  carried  out,  the  product  consists  of 
copper  and  iron  oxides  and  silver  sulphate. 

If  the  temperature  is  too  high,  silver  sulphate  also  decomposes, 
forming  metallic  silver,  sulphur  dioxide  and  oxygen,  so  that  the  silver 
escapes  extraction  in  the  subsequent  lixiviation. 

If  the  matte  contains  arsenic  and  antimony  in  any  considerable 
quantity,  arseniate  and  antimoniate  of  silver  are  formed  in  the  roasting, 
and  these,  being  insoluble  in  water,  occasion  a  loss  of  silver.  If 
bismuth  be  present  it  forms  an  insoluble  double  sulphate  with  silver 
sulphate.  The  presence  of  lead  or  antimony  sulphides  causes  small 
sintered  lumps  (SirUerknoten)  to  be  produced  in  the  process,  so  that 
the  particles  enclosed  in  them  escape  through  roasting. 

It  follows  then  that  the  material  to  be  treated  by  this  process 
must  be  one  containing  copper,  iron  and  silver  sulphides,  and  free 
from  any  considerable  amount  of  lead,  arsenic,  bismuth  and  antimony 
compounds. 

The  silver  sulphate  produced  in  roasting  is  dissolved  out  by  hot 
water,  and  as  its  solubility  is  increased  by  acidifying  the  water  with 
sulphuric  acid,  this  addition  is  usually  made. 

According  to  Rammelsberg  1  part  of  silver  sulphate  dissolves  in 

180  parts  of  cold  water. 

88  „  „  boiling  water. 

180  „  „  cold  sulphuric  acid  of  10**  B. 

30  „  „  boiling    „           „         10**  B. 

20  „  „  „    ^      „          „        20^  B. 

4  „  „  cold  sulphuric  acid  of  60**  B. 

025  „  „  boiling  sulphuric  acid  of  66**  B. 

35  „  „  acidified  copper  sulphate  solution  of  10**  B. 

If  cuprous  oxide  is  present  in  the  roasted  material,  metallic 
silver  is  precipitated  on  extraction  with  water;  the  roasting  musi 
consequently  be  carried  on  in  such  a  way  that  any  cuprous  o^ide 
formed  in  the  earlier  stages  of  the  process  is  afterwards  completely 
converted  into  the  cupric  compound. 

By  the  addition  of  sulphuric  acid  to  the  lixiviating  liquor,  any 


sulpnate  may  be  lormed  wnicb  is  able  to  convert  silver  into  sulphate, 
ferrous  sulphate  being  produced  at  the  same  time. 

The  silver  is  precipitated  from  the  silver  sulphate  solution  by 
nietaltic  copper,  and  from  the  copper  solution,  which,  acidified  with 
sulphuric  acid,  is  used  again  for  the  extraction  of  the  roasted  ore,  the 
copper  is  precipitated  by  metallic  iron. 

Ziervogel's  process  is  principally  used  for  copper  mattes  free  from 
arsenic,  antimony,  bismuth,  and  lead,  and  containing  not  too  high  a 
percentage  of  silver.  In  order  to  obtain  a  satisfactory  yield  of  silver 
it  is  necessary  to  repeat  the  operation  of  roasting  and  lixiviating  with 
the  residues  from  the  first  lixiviation  if  much  silver  still  remains  in 
them.  The  residues  contain  sufficient  basic  salts  to  yield  enough 
sulphur  trioxide  on  roasting  to  convert  the  silver  present  into  sulphate. 
The  lixiviated  residues  may  also  be  smelted  after  drying,  with 
auriferous  sulphides,  producing  auriferous  copper  bottoms  and  an 
argentiferous  matte  (Ai^,  Denver,  Colorado),  which  latter  can  be 
submitted  again  to  the  process. 

With  careful  work  the  yield  of  silver  in  the  process  may  amount 
to  92  per  cent,  (as  at  Mansfeld). 

Ores  are  not  worked  by  the  Ziervogel  process  as  they  never 
possess  the  requisite  degree  of  purity.  Speiss  also  is  not  adapted  for 
treatment  by  this  method,  as  in  the  roasting  considerable  amounts 
of  silver  arseniate  and  antimoniate  are  formed,  and  the  conversion  of 
these  salts  into  sulphate  is  incomplete. 

The  silver  contained  in  black  copper  can  be  converted  into 
sulphate  by  roasting  the  finely-divided  copper  with  ferrous  sulphate 
or  pyrites.  In  this  way  copper  sulphate  is  produced,  and  as  the 
temperature  is  increased  in  the  roasting,  sulphuric  anhydride  is  evolved 
which  converts  the  silver  into  sulphate.  This  method  of  obtaining 
silver  from  black  copper  is  not,  however,  used,  as  the  electrolytic  process 
or  the  extraction  with  sulphuric  acid  is  preferable. 

The  Ziervogel  process  is  in  use  at  the  Qottesbelohnungshtitte, 
Hettstadt,  for  the  Mansfeld  argentiferous  mattes ;  at  Ai^,  Denver, 
Colorado,  for  argentiferous  mattes  from  the  works  of  the  Boston  and 
Colorado  Smelting  Company,  and  at  Swansea  (Hafod  works)  iu 
Wales. 

As  previously  mentioned  (see  Copper),  the  copper  schist  of  the 
Mansfeld  mines  is  first  burnt  to  get  nd  of  the  bitumen,  then  smelted 
for  copper  matte  (Ita/uteiii)  in  blast  fumaoes,  roasted  in  kilns,  and 
the  roasted  matte  treated  in  reverberatory  furnaces  for  fine  metal 
{^ntrstein). 
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This  Spurstein  forms  the  material  which  is  submitted  to  the 
Ziervogel  process.  It  contains  74  to  76  per  cent,  of  copper,  and  0*44  to 
0*46  per  cent,  of  silver,  besides  sulphur  and  iron.  The  silver  in  it 
is  mainly  present  in  the  metallic  state.  According  to  Plattner, 
the  ferrous  sulphide  (FeS)  in  the  matte  dissolves  silver  with  the 
production  of  subsulphide,  FogS,  and  silver  sulphide,  but  on  cooling 
the  reaction  is  reversed.  Hampe  ^  .finds  that  molten  copper  sulphide 
dissolves  silver,  which  separates  out  again  as  metal  on  cooling. 

The  Spurstein  is  first  powdered  in  a  Brtickner-Sachsenberg  ball 
mill  having  a  capacity  of  14  to  16  tons  in  24  hours  and  the  powdei^ 
matte  is  then  roasted.  This  consists  of  two  distinct  operati<His  carried 
out  in  separate  furnaces,  the  preliminary  roasting  and  the  final  or 
dead  roasting.  After  the  first  roasting  the  mass  is  again  ground  up 
in  ball  mills  as  it  is  impossible  to  avoid  a  partial  sintering,  and  it  is 
then  submitted  to  the  final  roasting. 

In  the  first  roasting,  copper  and  iron  sulphides  are  decomposed, 
copper  and  iron  oxides  are  produced,  the  ferric  sulphate  formed  is 
decomposed  and  copper  sulphate  produced.  The  formation  of  cuprous 
oxide,  which  would  precipitate  silver  in  the  lixiviation  process,  is 
avoided  as  far  as  possible  by  keeping  an  oxidising  fiame  over  the 
roasting  mass.  The  formation  of  cuprous  oxide  cannot  be  entirely 
obviated  owing  to  the  action  of  sulphur  dioxide  upon  copper  oxide. 

The  fiimaces  in  which  the  roasting  is  carried  out  are  called 
bakers*  furnaces  (Bdckerdfen)  in  which  the  necessary  heat  is  furnished 
exclusively  by  the  combustion  of  the  sulphur  in  the  roasting  material. 
When  a  fi-esh  charge  is  put  in,  the  furnace  is  still  red-hot  from  the 
preceding  operation,  and  contact  with  the  red-hot  bottom  of  the 
furnace  soon  raises  the  charge  to  its  temperature  of  ignition,  that  is 
to  the  point  at  which  the  sulphur  begins  to  oxidise  and  impart 
fi-esh  heat  to  the  material.  The  charge  must  be  continually  rabbled 
and  stirred.  This  was  formerly  done  by  hand,  but  a  mechanical 
arrangement  is  now  in  use.  For  this  purpose  there  are  four  hearths 
placed  one  above  the  other,  the  two  upper  and  the  two  lower  hearths 
being  connected  and  each  constituting  one  furnace,  so  that  the 
powdered  matte  always  passes  over  two  hearths,  one  below  the  other, 
being  charged  on  to  the  upper  hearth  and  withdrawn  fix)m  the  lower 
one.  The  hearths  are  nearly  circular  in  plan.  Through  the  centre 
of  all  four  hearths  of  the  two  furnaces  placed  one  below  the  other,  a 
vertical  iron  shaft  passes,  provided  with  gearing  on  the  upper  portion 
outside  the  furnace  by  means  of  which  it  can  be  revolved.  Two 
scrapers  are  fastened  to  this  shaft  for  each  individual   hearth,  and 

1  Chemiker.Zeitung,  1893,  17,  No.  92. 


The  char^  for  each  hearth  is  about  1  ton,  and  the  roasting  lasts 
from  4  to  6  hours,  a  double  furnace,  such  as  the  one  described, 
roasting  10  tons  of  material  in  24  hours. 

The  material  withdrawn  from  this  roaster  contains  ferric  oxide, 
cuprous  and  cuprie  oxides,  silver  sulphide,  and  sulphates  of  various 
metals,  but  particularly  of  copper. 

This  is  finely  powdered  in  ball  mills  and  then  subjected  to  the 
6nal  roasting.  The  object  of  this  final  roasting  is  to  convert  silver 
sulphide  into  sulphate  and  cuprous  into  cuprie  oxide. 

The  final  roasting  is  done  in  reverberatory  furnaces  having  two 
hearths  placed  terrace-wise  one  beside  the  other.  The  lower  of  these 
hearths  lies  nearest  the  fireplace.  The  furnace  is  fired  by  gas  (Zahn's 
system)  in  order  to  avoid  the  reduction  of  cuprie  to  cujirous  oxide. 

The  mass  is  kept  constantly  stirred  and  the  temperature  is  raised 
in  order  to  decompose  the  copper  sulphate  and  to  convert  the  sulphide 
of  silver  into  sulphate.  As  previously  mentioned  the  silver  sulphate 
is  chiefly  formed  owing  to  the  action  of  sulphur  trioxide,  arising  from 
the  decomposition  of  copper  sulphate,  upon  the  silver  sulphide  present. 
If  a  sample  of  the  roasting  mass  treated  in  a  saucer  with  a  little 
water  shows  glittering  scales  of  metallic  silver,  cuprous  oxide  is 
still  present,  precipitating  silver  fi^m  the  sulphate  in  solution. 
The  roasting  is  finished  when  on  treatment  of  a  sample  with  water 
the  solution  obtained  is  only  coloured  very  faintly  blue  and  yields  a 
thick  curdy  precipitate  of  silver  chloride  on  the  addition  of  salt.  The 
charge  is  then  immediately  withdrawn  from  the  furnace.  The 
amount  of  charge  contained  on  each  of  the  two  terraces  of  the  hearth 
is  04  ton,  and  the  time  taken  in  roasting  6  to  9  hours. 

The  roasted  mass  is  first  sieved  to  fi«e  it  from  lumps,  and 
when  cooled  down  to  60°  or"  70°  C,  is  submitted  to  the  lixiviation 
process. 

The  lixiviation  is  carried  out  in  wooden  vats  with  double 
bottoms,  2  feet  high  and  2  feet  3  inches  wide.  Over  the  perforated 
false  bottom  is  a  layer  of  woven  willow  twigs,  and  on  this  a  linen 
filtering  cloth.  The  roasted  mass  is  put  into  the  vat  in  charges  of 
^  a  ton  and  first  extracted  with  13  to  20  gallons  of  water  at  a 
temperature  of  70°  to  80°  C.  After  this  it  is  treated  with  hot 
copper  sulphate  liquors  which  ai-e  obtained  in  precipitating  the  silver 
from  its  sulphate  solution  by  metallic  copper,  and  which  have  been 
previously  rendered  slightly  acid  by  the  addition  of  a  little  sulphuric 
acid.     This  treatment  is  continued  until  the  addition  of  salt  solution 
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to  the  liquor  does  not  yield  any  precipitate  of  silver  chloride.  Each 
charge  requires  1^  to  2  hours  for  its  leaching.  The  residues,  which 
still  contain  0024  to  004  per  cent,  of  silver,  are  dried  and  again 
roasted  to  convert  the  last  portions  of  the  silver  into  sulphate.  This 
roasting  takes  place  in  the  second  roasting  furnace  previously  described, 
and  does  not  last  longer  than  the  final  roasting  of  the  matte.  The 
addition  of  a  sulphur  compound  is  not  requisite  as  there  is  a  sufficiency 
of  basic  salts  left  behind  to  furnish  the  sulphuric  anhydride  necessary 
to  convert  the  silver  or  silver  sulphide  into  sulphate. 

The  residue  after  roasting  is  extracted  a  second  time  and  then 
smelted  for  copper,  its  silver  content  being  reduced  to  0*015  to  0'018 
per  cent. 

The  smelting  is  done  by  mixing  it  with  10  per  cent,  of  coal,  drying 
it  and  smelting  it  for  refined  copper  in  an  English  reverberatory 
furnace.  The  refined  copper  contains  0*022  to  0*025  per  cent,  of 
silver. 

The  argentiferous  liquors  fi"om  the  lixiviating  vats  are  freed  from 
suspended  matter  by  setting  or  filtration,  and  then  brought  into 
precipitating  vats  where  the  silver  contained  in  them  is  precipitated 
by  metallic  copper.  The  vats  are  wooden  vessels  2  feet  6  inches  in 
diameter,  and  possess  a  false  bottom  and  filtering  arrangement  like 
the  lixiviating  vats.  On  this  16J^  to  22  lbs.  of  granulated  copper 
and  3  cwts.  of  copper  bars  are  placed.  The  vats  are  placed  on  a 
terrace  at  a  lower  level  than  the  lixiviating  vessels,  and  below  the 
first  row  a  second  row  is  placed,  the  vessels  of  which  can  be  used 
when  the  precipitated  silver  is  being  cleaned  out  of  those  in  the 
first  row.  At  intervals  of  24  hours  the  silver  is  taken  off  from  the 
copper  by  means  of  wooden  shovels,  and  any  silver  deposited  on  the 
copper  bars  is  rubbed  off  by  the  workmen,  who  are  provided  with 
leather  gloves  for  this  purpose. 

The  silver  obtained,  which  is  known  as  cement  silver,  is  rendered 
impure  by  the  presence  of  sulphates,  of  metallic  copper  and  of 
gypsum,  the  latter  being  derived  from  the  lime  in  the  water  and 
the  ashes  from  the  roasting  furnaces.  The  precipitate  is  broken 
up  with  wooden  pestles  in  wooden  vessels  and  then  washed  in  a  vat 
provided  with  a  filter,  first  with  hot  water  and  then  with  acid  silver 
sulphate  liquors,  which  dissolve  any  copper  present,  an  equivalent 
amount  of  silver  being  precipitated.  After  the  copper  has  been  got 
rid  of,  the  precipitate  is  treated  in  a  separate  vessel  with  hot  water  in 
order  to  dissolve  the  gypsum  present. 

The  cement  silver  thus  purified  is  pressed  in  a  hydraulic  press 
the  ciikes  obtained  dried  in  a  mufHe  furnace  with  a  large  number  of 


The  desilverised  liquid  obtained  by  the  precipitation  is  acidified 
with  sulphuric  acid  and  used  afresh  for  dissolving  silver  sulphate 
from  the  roasted  matte.  At  intervals  (usually  once  a  year)  the 
copper  is  precipitated  from  the  Uquorj  by  metallic  iron. 

The  yield  of  silver  amounts  to  92  per  cent,  of  the  quantity  present 
in  the  matte. 

The  arrangement  of  the  extraction  and  precipitation  vessels  is 
shown  in  Fig,  638;  a  is  the  lixiviating  vat,  and  c  and  e  are  the 
precipitating  vessels. 

From  the  extraction  vat  the  argentiferous  liquors  flow  into  a 
settling  tank  (6)  provided  with  a  partition  reaching  nearly  to  the  top. 


The  suspended  impurities  collect  chiefly  in  that  sido  of  the  vessel 
where  the  liquors  firat  enter,  the  clear  liquid  flowing  over  the  top  of 
the  partition  into  the  other  division,  and  thence  into  the  precipitating 
vat  c.  From  the  latter  the  liquor  flows  into  a  trough  d,  and  can 
either  be  run  directly  into  the  next  precipitating  vat  e,  or,  if  the 
latter  is  having  its  silver  removed  from  it,  into  a  reservoir. 

From  the  last  precipitating  vat  the  liquor  flows  along  the  spout  / 
into  a  reservoir  made  of  lead,  where  it  is  acidified  with  sulphuric 
acid,  and  is  ready  for  extracting  another  charge  of  roasted  ore.' 

^  The  chemical  changes  in  the  roasting  operation  will  be  found  dealt  with  in 
detail  in  the  cUsueal  treatise  of  Steinbeck,  Prtuse.  MiiiUl.-ZeiiKliri/l,  vol.  11,  p.  95. 
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At  the  Boston  and  Colorado  Smelting  Works,  Argo,  Colorado, 
visited  by  the  author  in  the  spring  of  1892,  ores  containing  gold, 
silver  and  copper  were  smelted,  after  roasting,  to  a  copper  matte  con- 
taining 40  to  45  per  cent,  of  copper,  1*25  per  cent,  of  silver  and 
10  ounces  of  gold  per  ton.     An  analysis  of  this  matte  gave :  ^ — 

Insoluble  residue 0*65  per  cent. 

Copper 47-30       „ 

Lead 807 

Zinc 2-73 

Iron 17-67 

Silver 138 

Gold    . 0-088 

Sulphur 21-58       „ 

The  matte  was  roasted,  ground,  and  then  re-roasted,  to  obtain  the 
silver  in  the  form  of  sulphate.  The  silver  sulphate  was  extracted 
with  water  and  the  silver  precipitated  by  metallic  copper,  the  copper 
being  afterwards  precipitated  by  metallic  iron.  The  residue  left  after 
extraction,  which  still  contained  all  the  gold,  was  smelted  for  copper 
matte  in  an  English  reverberatory  furnace,  together  with  auriferous 
iron  pyrites.  The  copper  matte  then  underwent  an  oxidising  roasting 
with  the  production  of  copper  bottoms  and  argentiferous  copper 
matte,  which  was  again  treated  by  the  Ziervogel  process.  Before 
roasting,  2  per  cent,  of  sodium  sulphate  is  added,  in  order  to  ensure 
the  conversion  of  all  the  silver  into  sulphate.  The  roasted  mass  is 
extracted  by  ZiervogeFs  method,  and  then  sold  to  works  that  make 
copper  sulphate  and  extract  the  gold  and  silver  left  after  treating 
the  leached  matte  with  sulphuric  acid. 

The  detailed  treatment  of  the  matte  is  as  follows.  It  is  first 
roughly  crushed  so  as  to  pass  through  a  sieve  of  6  meshes  to  the 
linear  inch  (at  Mansfeld  the  sieves  have  12  to  16  meshes  to  the 
linear  inch)  and  then  roasted  in  a  Pearce  furnace  {v.  p.  92).  These 
furnaces  put  through  16  tons  of  matte  in  24  hours,  with  a  fuel 
consumption  of  25  per  cent,  of  coal,  and  the  matte  is  roasted  down 
to  6  per  cent,  of  sulphur.^  The  cost  per  ton  of  roasted  matte  is 
3s.  4d.,  which  includes  wages  6rf.,  fuel  28.  2rf.,  power  and  repairs  5rf., 
interest  3d.  An  analysis  of  the  roasted  matte  gave  the  following 
percentage  composition :  ® — 


1  Collins,  op.  cit.  p.  182.  ^  jj^^  p.  igj.  s  j^^,  p^  igg. 


Lead 862        Gold 007 

Zinc 5-47        Sulphur 6-29 

Oxygen 11 '34 

The  roasted  material  is  then  ground  under  edge  runners  (Chilian 
mills),  so  as  to  pass  through  a  sieve  of  60  meshes  to  the  inch,  and  is 
roasted  so  as  to  convert  its  silver  into  sulphate.  The  roasting  lasts 
5  hours,  the  temperature  being  kept  very  low  during  the  first 
IJ  hours.  At  the  end  of  the  first  hour  and  a  half,  the  temperature 
of  the  mass  will  have  attained  to  dull  redness,  owing  to  the  com- 
bustion of  the  sulphur.  At  the  end  of  the  second  period,  which 
also  lasts  an  hour  and  a  half,  the  roasting  mass  has  increased  in 
volume  in  consequence  of  the  formation  of  copper  sulphate,  the 
temperature  also  having  slightly  increased.  During  the  third 
period,  lasting  one  hour,  the  heat  is  raised  in  order  to  decom- 
pose the  copper  sulphate,  and  to  form  silver  sulphate  by  the 
action  of  the  liberated  sulphuric  anhydride  upon  any  unaltered 
sulphide.  In  the  fourth  period,  lasting  for  an  hour,  the  temperature 
is  maintained  at  the  same  point  as  in  the  third  period,  the  charge 
being  very  thoroughly  stirred  in  order  to  convert  any  cuprous  oxide 
into  cupric  oxide.  The  roasted  matte  now  has  the  following  com- 
poaition :  ^ — 

Insoluble  residue  .    .    375  Iron 1802 

Copper 40-60  Silver 115 

Lead 8-52  Gold 0-07 

Zinc 5  24  Sulphur  trioxide  .    .    9-09 

Oxygen 13-56 

Arsenic,  antimony  and  bismuth  form  with  the  silver,  compounds 
insoluble  in  water,  and  remain  behind  on  the  extraction  of  the  roasted 
material.  Bismuth  is  particularly  injurious,  as  its  sulphate  mixes  or 
combines  with  silver  sulphate,  and  is  not  dissolved  by  water.  On  an 
average,  the  material  after  extraction  retains  about  40  ounces  of 
silver  to  the  ton  (0'1244  per  cent.),  the  greater  part  of  this  being 
recovered  by  the  afW  treatment  of  the  residue. 

The  roasted  material  is  extiacted  in  wooden  vata  by  means  of  hot 
water  without  any  addition  of  sulphuric  acid,  and  the  liquors  are 
run  first  through  precipitating  vats  containing  copper,  in  order  to 

'  Collins,  op.  cit.  p.  182. 
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precipitate  the  silver,  and  then  through  vats  containing  scrap  iron  to 
precipitate  the  copper. 

The  precipitated  silver  is  rendered  impure  owing  to  the  presence 
of  cuprous  oxide  and  metallic  copper,  and  in  order  to  separate  these 
bodies  it  is  boiled  for  some  time  with  water  acidulated  with  sulphuric 
acid,  air  and  steam  being  blown  in  by  means  of  a  steam  injector.  The 
sulphuric  acid  in  presence  of  air  and  water  gradually  converts  the 
copper  into  sulphate,  which  dissolves.  The  silver  is  then  washed, 
dried,  melted  and  cast  into  bars,  which  have  a  fineness  of  999  parts 
per  thousand. 

The  material  left  after  extraction  still  contains  the  whole  of  the 
gold  content  of  the  matte  (10  ounces  per  ton)  as  well  as  0'124  per 
cent,  of  silver,  and  60  per  cent,  of  copper  as  oxide.  It  contains  in 
addition,  ferric  oxide,  and  lead  and  bismuth  sulphates.  It  is  smelted 
with  auriferous  pyrites,  and  with  quartzose  gold  ores  to  a  matte 
containing  65  per  cent,  of  copper,  10  to  15  ounces  of  gold  per  ton 
(00311  to  00467  per  cent.),  and  90  ounces  of  silver. 

This  matte,  as  previously  mentioned,  is  submitted  to  an  oxidising 
roasting  in  a  reverberatory  furnace,  the  products  being  an  impure 
copper  (copper  bottoms),  containing  the  gold  and  various  impurities 
present  in  the  matte,  and  an  argentiferous  rich  matte,  poor  in  gold  and 
known  as  pimple  metal  or  finished  metal.  The  operation  is  precisely 
similar  to  the  operation  of  making  best  selected  copper  in  EIngland, 
the  preliminary  oxidation,  constituting  the  first  part  of  the  process, 
being  carried  out  to  such  an  extent  that  when  the  mass  is  sub- 
sequently melted,  1  part  of  copper  bottoms  is  produced  to  every  15 
parts  of  matte.  The  copper  bottoms  contain  100  to  200  ounces  of 
gold,  and  300  ounces  of  silver  per  ton ;  the  greater  the  amount  of 
foreign  metals  in  them  the  more  gold  can  they  take  up. 

The  composition  of  the  bottoms  varies  according  to  the  character 
and  quantity  of  the  impurities  present  in  the  matte,  an  analysis  of 
one  sample  yielding  the  following  figures : — 

per  cent.        Zinc    .    .  0*15  per  cent. 

Gold    .    .  0-54 

„  Silver  .    .  1'35         „ 

Sulphur  .  1-68 

ij 

The  matte  or  pimple  metal  contains  in  regular  work  90  to  100 
ounces  of  silver  per  ton  (0*28  per  cent.),  and  not  more  than  0*2  ounce 
of  gold  (00006  per  cent.),  together  with  77  per  cent,  of  copper. 


Copper 

.    .  6004 

Lead 

.    .  33-61 

Arsenic 

,    .    0-44 

Bismuth 

.    .    0-40 

Iron  .    .    . 

,    .    008 

copper  oxide,  and  not  containing  more  than  10  ounces  of  silver  per 
ton  (0"0311  per  cent.).  This,  as  previously  mentioned,  is  sold  and 
worked  up  for  copper  sulphate. 

The  method  of  extracting  the  gold  from  the  copper  bottoms  is  at 
present  kept  secret. 

Formerly  the  lead  was  first  liquated  out  from  the  copper  in  a 
reverberatory  furnace  ;  the  latter  then  underwent  an  oxidising  fusion, 
and  after  drawing  offtheslag  the  metal  was  granulated.  The  granules 
(containing  3  to  4  per  cent,  of  gold  and  2  per  cent,  of  silver)  were 
roasted  in  order  to  oxidise  the  copper,  and  then  treated  with  dilute 
sulphuric  acid  in  leaden  vessels.  The  copper  dissolved  and  left  a 
slime  of  gold  and  silver  behind.  This  slime,  containing  from  40  to 
50  per  cent,  of  gold,  and  20  to  30  per  cent,  of  silver,  was  melted  in 
plumbago  crucibles,  and  the  bullion  afterwards  parted. 

The  secret  process  for  the  treatment  of  the  copper  bottoms  is 
thought  to  consist  in  smelting  these  with  pyrites,  the  copper  of  which 
passes  into  the  matte,  giving  rise  to  a  copper  rich  in  gold.  This 
then  undergoes  oxidising  roasting,  the  copper  oxide  being  slagged  off 
with  lithaige,  leaving  an  alloy  of  gold  and  silver  behind. 

The  Boston  and  Colorado  Smelting  Works  before  their  trans- 
ference to  Argo,  Denver,  were  situated  at  Black  Hawk,  Oilpin  Co., 
Colorado.  There  the  Ziervogel  process  was  worked  in  conjunction 
with  the'Augustin  process  the  pimple  metal,  containing  about  80 
per  cent,  of  copper,  20  per  cent,  of  sulphur,  1 10  ounces  of  silver  and 
0'5  ounce  of  gold  per  ton,  being  first  roasted  according  to  Ziervogel's 
method,  and  extracted  with  water,  then  roasted  with  salt  and  ex- 
tracted with  brine.  A  detailed  description  of  this  method  will  be 
found  in  Egleston's  book.' 

The  Cyanide  Method  for  the  Extraction  of  Silver 

Silver,  either  native  or  in  the  form  of  chloride,  is  soluble  in 
solutions  of  sodium  or  potassium  cyanide,  and  it  can  be  precipitated 
from  these  solutions  by  zinc,  lead  or  hydrochloric  acid. 

At  the  Chloride  Point  Mine,  Utah,*  poor  quartzose  ores,  containing 
18  to  28  ounces  of  silver  per  ton  as  chloride,  and  J  to  1  dollar  of  gold, 
are  worked  for  silver  and  gold  by  extraction  with  potassium  cyanide 
solution.  The  ore  ie  crushed  in  rockbreakers  and  rolls  to  pass  through 

'  Melatturyy  of  Silver,  Oold,  and  Mercury  in  the  United  Strtiee,  1B87. 
^  Eng.  and  Jftti.  Jtmm.  1S98,  p.  605. 
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a  sieve  with  {  inch  meshes.  Finer  grinding  is  unnecessary  since 
the  metal  is  present  in  little  grains  which  are  readily  accessible  to 
the  solution. 

The  extrEiction  vessels  are  made  of  sheet  steel,  20  feet  in  diameter 
and  8  feet  high,  and  hold  100  tons  of  ore.  Owing  to  the  absence  of 
clay,  and  the  porous  character  of  the  broken  ore,  the  ore  is  laid 
7  feet  thick  in  the  vats.  The  first  solution  contains  0'5  per  cent  of 
potassium  cyanide.  After  standing  10  hours  it  is  run  off,  and  con- 
tains 18  to  20  ounces  of  silver  per  ton.  A  solution  of  similar  strength 
takes  its  place  and  remains  5  days  or  more  in  contact  with  the  ore ; 
this  is  followed  by  a  solution  of  half  the  strength,  and  finally  by 
water.  The  full  time  occupied  for  extracting  each  vat  is  7  to  10 
days,  and  2*5  to  3  pounds  of  cyanide  are  used  per  ton  of  ore. 

The  silver  and  gold  are  thrown  out  of  the  cyanide  solution  by 
zinc  turnings,  the  precipitated  metal  is  put  through  a  sieve  with 
10  meshes  to  the  linear  inch,  and  then  dried.  It  contains  80  to  94*5 
per  cent,  of  silver  and  gold,  and  the  extraction  is  65  to  77  per  cent.  The 
cost  of  working  this  process  is  small  owing  to  the  ready  solubility  of 
silver  chloride  in  the  cyanide  solution ;  it  amounted  in  October  1898 
to  23  cents  per  ounce  of  silver. 

Netto's  process  for  the  extraction  of  native  silver  from  ores 
consists  in  dissolving  out  the  silver  with  sodium  or  potassium 
cyanide,  in  precipitating  the  silver  fi'om  solution  with  hydrochloric 
acid,  and  in  obtaining  the  gold  fix)m  the  liquors,  either  eleetro- 
l)rtically,  or  by  precipitation  with  spongy  lead  mixed  with  mnc  dust 

The  liquors  fix)m  the  precipitates  are  regenerated  by  heating 
with  caustic  alkali  or  with  lime  water.  If  zinciferous  lead  has  been 
used  for  precipitation,  however,  the  zinc  present  prevents  the  complete 
regeneration  of  the  liquor.  The  addition  of  zinc  to  lead  is  advisable 
since  it  hastens  the  precipitation  of  gold.  When  ores  contain  gold 
and  silver  in  a  form  only  slowly  and  incompletely  soluble  in  cyanide 
solution,  they  need  to  undergo  a  chloridising  roasting.  In  this  case, 
however,  soluble  sulphates  are  formed  which  hinder  the  electrolytic 
separation  of  the  gold,  and  hence  the  zinc-lead  treatment  must  be 
adopted.  In  all  cases  the  silver  chloride  precipitate  contains  gold 
which  is  won  by  subsequent  treatment.  If  copper  be  present  in 
solution,  it  carries  down  gold  with  it  on  precipitation. 

The  experiments  of  Winter  and  Zuschlag^  show  that  gold  is 
always  precipitated  fix)m  cyanide  solutions  by  hjrdrochloric  acid  in 
the  form  of  aureus  cyanide,  and  that  the  weaker  the  solution  is,  the 
more  gold  is  thrown  out  in  this  way ;    the  amount  of  gold  unpre- 

i  Berg-  und  Hultenm.  Ztg.  1898,  p.  25. 
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cipitated  depends  on  the  quantity  of  free  prussic  acid  formed  in 
the  reaction,  since  this  acid  dissolves  gold.  Hence  Netto's  process 
is  only  applicable  in  the  case  of  ores  poor  in  gold,  and  of  liquors  free 
from  copper  and  containing  much  potassium  cyanide. 

The  solution  of  silver  in  potassium  cyanide  is  represented  thus :  ^ 

2  Ag + 4KCN  +  HgO  +  O  =  2KAg(CN)2 + 2K0H. 

The  precipitation  of  silver  by  hydrochloric  acid : — 

KAg(CN)2 + 2HC1  =  KCl + AgCl  +  2HCN. 

And  the  regeneration  of  the  liquor : — 

HCN  +  KOH  =  KCN  +  H^O. 

Netto's  process  is  used  at  Horcajo,  in  Spain,*  for  the  treatment  of 
dressing  slimes,  free  from  gold,  and  containing  14  per  cent,  of  lead 
and  42  ounces  of  silver  per  ton.  These  slimes  are  dried  and 
powdered,  mixed  with  5  per  cent,  of  salt  and  2  per  cent,  of  pyrites, 
and  roasted,  with  wood  firing,  in  a  double-hearthed  reverberatory, 
•the  upper  hearth  of  which  is  16  feet  6  inches  long,  the  lower  one 
10  feet  long,  and  the  width  6  feet.  The  furnace  puts  through  3  tons 
in  24  hours.  The  lixiviation  is  carried  out  in  double  bottomed  vats 
with  03  per  cent,  cyanide  solution,  double  the  theoretical  quantity, 
1*25  pounds  of  potassium  cyanide  being  used  per  pound  of  silver. 
Six  days'  leaching  brings  the  silver  down  to  6  ounces  per  ton,  and 
this  amount,  probably  combined  with  lead  sulphide,  is  lost. 

The  silver  chloride,  precipitated  from  the  cyanide  solution  by 
hydrochloric  acid,  quickly  settles,  and  the  clear  supernatant  liquor  is 
decanted  into  large  wooden  vats,  treated  with  caustic  soda,  and 
used  again  for  lixiviation  purposes.  When  a  sufficient  quantity  of 
silver  chloride  has  collected,  it  is  run  into  small  filtering  vessels  and 
deprived  of  all  but  16  to  20  per  cent,  of  water.  The  dried  pre- 
cipitate contains  56  per  cent,  of  silver ;  the  method  of  working  this 
up  has  not  been  published. 

The  lixiviated  residues,  which  contain  the  lead  partly  as  sulphate, 
undergo  treatment  for  enrichment,  and  the  product  is  sold  to  the 
lead  smelters.  The  cost  of  treatment  of  one  ton  of  slimes  is  given  as 
24*9  pesetas ;  this  is  made  up  as  follows  : — for  crushing  1,  furnace  45, 
salt  3*33,  pyrites  1*43,  fuel  5*7,  vats  06,  cyanide  6*19,  hydrochloric 
acid  0*7,  caustic  soda  0*2,  foremen's  wages  0*25,  general  costs  1,     The 

*  Berg-  und  Huttenm.  Zig.  1898,  p.  366. 

'  Revut  univera  des  Mine9^  1899,  xlv.  Xo.  2,  p.  125. 
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method  is  said  to  have  given  good  results  at  Hiendelaencina  in 
Guadalajara,  and  at  Herrerias  in  Almeria,  but  it  is  impossible  at 
present  to  judge  definitely  of  its  merits. 

The  Extraction  of  Silver  by  Electro-metallurgical 

Processes 

Electrolytic  processes  are  only  used  for  the  extraction  of  silver 
from  alloys  in  the  wet  way.  In  the  case  of  copper-silver,  lead-silver 
and  zinc-silver  alloys,  the  silver  is  obtained  in  the  anode  slimes,  but 
in  the  electrolysis  of  gold-silver  alloys  (gold  parting)  at  the  cathode. 

Copper-Silver  Alloys 

The  electrolysis  of  these  has  already  been  described  in  the  chapter 
on  copper,  so  that  we  may  confine  ourselves  here  to  the  treatment  of 
the  anode  slimes.  These  contain  up  to  55  per  cent,  of  silver  and 
1*3  per  cent,  of  gold,  and  in  addition  copper  and  copper  oxide, 
sulphide  and  sulphate  of  lead,  bismuth,  tin,  firee  sulphur,  basic 
arseniates  and  antimoniates  of  iron  and  lead,  and  other  compounds  of 
arsenic,  antimony,  selenium  and  tellurium.  The  composition  of  two 
of  these  slimes  from  Anaconda  is  here  given  :  ^ — 

L  n. 

Silver 53*894  55*15 

Gold 0-2959  0198 

Copper 1101  13-82 

Lead 091  2-07 

Bismuth 3-93  034 

Antimony 6*25  2*44 

Arsenic 211  1*09 

Selenium 0*39  •  0-72 

Tellurium 117  0*89 

Iron —  0-80 

Sulphuric  acid     ....  5*27  10*68 

Water  .    .        236  260 

In  works  where  lead  is  produced,  the  slimes  are  either  smelted 
with  leady  additions,  or  they  are  added  to  the  lead  bath  on  the 
cupellation  hearth,  followed  by  cupellation ;  but  where  lead  is  not 
produced,  wet  or  electrometallurgical  processes  are  used. 

^  Keller,  Joum,  Amer,  Ohem.  Soc.  xix,  1897,  No.  10. 
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The  first  wet  method  introduced,  but  now  no  longer  used,  con- 
sisted in  dissolving  silver  and  copper  fi-om  the  slimes  by  means  of 
hot  strong  sulphuric  acid,  leaving  the  gold  as  residue,  and  in  pre- 
cipitating the  silver  firom  solution  with  copper.  Another  method 
used  in  Anaconda  was  to  boil  the  slimes  with  weak  sulphuric  acid 
in  lead-lined  vats,  air  and  steam  from  a  Eorting  injector  being  blown 
into  the  acid  liquor.  This  treatment  brought  the  copper  into  solution 
as  sulphate,  whilst  the  silver  and  gold  were  left  behind,  and  this 
residue  after  washing  and  drying  was  melted  down  in  a  small 
reverberatory  with  soda,  and  the  product  parted.  It  is  impossible 
to  prevent  considerable  loss  of  silver  by  this  method,  and  to  remedy 
this  Barnett  ^  suggests  dissolving  the  copper  and  three-quarters  of  the 
silver  in  hot  concentrated  oil  of  vitriol,  precipitating  the  dissolved 
silver  by  copper,  and  smelting  the  insoluble  residue,  which  contains  all 
the  gold,  for  a  gold-silver  alloy. 

At  present  in  Anaconda,^  the  silver  mud  is  brought  from  the 
vat  on  to  a  filter,  washed  with  hot  water,  and  deprived  of  arsenic, 
antimony  and  the  rest  of  the  copper  in  another  vat;  it  is  again 
filtered  and  washed,  then  dried,  mixed  with  soda  and  melted  down 
as  quickly  as  possible,  in  2  ton  charges,  in  a  reverberatory  fired  with 
wood.  The  alloy  is  then  cast  and  the  ingots  put  through  the 
sulphuric  acid  parting  process. 

,  In  the  process  of  Moebius,  the  dried  slimes  are  melted  and  cast 
into  anode  plates,  the  cathodes  are  of  copper,  and  the  electrolyte  is 
an  acid  solution  of  copper  nitrate,  or,  when  there  is  but  little  silver 
present,  copper  sulphate.  A  low  tension  current  transfers  the 
copper  fix)m  anode  to  cathode,  whilst  silver,  gold  and  platinum  are 
thrown  down  as  anode  mud.  This  is  collected  and  parted  electro- 
lytically. 

Thofehrn's  method  consists  in  melting  the  slimes,,  to  get  rid  of 
lead  and  arsenic,  in  a  reverberatory  on  a  magnesia  hearth.  The 
copper-silver  alloy  thus  obtained  is  cast  into  anode  plates  and 
electrolysed,  and  the  silver  slime  is  treated  with  hot  strong  sulphuric 
acid  as  described  above.  Slimes  with  1  to  6  per  cent,  of  silver  and 
25  per  cent,  of  copper  are  most  suitable  for  this  treatment.  In  the 
Cabell- Whitehead  process  introduced  at  Baltimore,*  the  slimes  are 
boiled  with  silver  sulphate  and  dilute  sulphuric  acid.  The  copper 
is  dissolved  thereby  and  an  equivalent  amount  of  silver  precipitated. 
This  is  washed  fi*ee  from  copper  and  cast  into  ingots. 

*  Peters,  op.  cit.  p.  695. 

•  Collins,  op.  cit.  p.  334. 

'  Tfie  Mineral  Industry y  ii.  p.  281. 
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Lead-Silver  Alloys 

Hampe  has  made  some  experiments  upon  the  decomposition  of 
argentiferous  lead  (work-lead)  by  electrolysis.^  In  these  experi- 
ments the  work-lead  formed  the  anode,  and  the  cathode  consisted 
of  sheet  lead.  Lead  acetate  solution  was  used  as  the  electrolyte, 
and  it  contained  0*78  lb.  of  lead  per  gallon,  and  about  4  per  cent,  of 
glacial  acetic  acid.  The  current  was  furnished  by  two  Meidinger- 
Pinkus  balloon  cells  placed  in  series.  In  456  hours,  1*5  Iba  of 
lead  were  precipitated,  the  current  strength  being  0*75  of  an  ampere 
and  the  surface  exposed  by  the  anode  being  60'5  square  inches, 
giving  a  current  density  of  1'8  amperes  per  square  foot.  Th5 
anode  mud  obtained  weighed  11  grams. 

The  composition  of  the  original  work-lead,  the  deposited  lead, 
and  the  anode  mud  is  given  in  the  following  table : 


Lead 

Bismuth 

Copper 

Antimony 

Silver 

Iron 

Work-load. 

Electrolyticallv- 
deposited  lead. 

Anode  mud. 

98-79767 
000376 
0-37108 
0*55641 
0-254 
0  00575 
00073 
0-00271 
0-00132 

99-99297 
0-00305 
0-0006 
0-00099 

0-00041 

0-00198 

23  97 

11-20 

14*44 

29-7 

18-435 

traces 

Nickel       

Zino       

0*09 
1*8 

Sulphur 

The  working  of  this  process  on  the  large  scale  was  suggested  by 
Keith  and  was  carried  out  at  Rome  in  New  York  State.  The  work- 
lead  was  melted  in  a  reverberatory  furnace  and  cast  into  plates  2  feet 
long,  6  inches  broad  and  I  inch  thick,  each  weighing  9  pounds 
These  plates  were  enclosed  in  muslin  bags  and  constituted  the  anodes. 
The  electrolyte  was  a  solution  of  lead  sulphate  in  sodium  acetate,  and 
the  current  was  furnished  by  a  dynamo.  The  decomposing  cells  were 
cylindrical  vessels  6  feet  in  diameter  and  3  feet  deep,  and  the  cathodes 
were  cylinders  of  sheet  brass  placed  concentrically  in  the  cells,  the 
outer  cylinder  being  nearly  6  feet  in  diameter  and  the  inner  one 
2  feet,  with  a  space  of  2  inches  between  each  cylinder. 

The  plates  of  work-lead  were  suspended  in  concentric  circles  to  the 
number  of  of  276  from  the  anode  frame.  This  consisted  of  a  copper  hub 
with  six  radial  arms,  from  which  the  lead  anodes  were  suspended  by 

^  JSeitschr.  fur  cUm  Berg-,  ffuUen-,  und  Salinenwesen  im  Prtnaa,  Staattf  \9^ 
P-  81,  
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means  of  brass  plates  and  brass  hooks.  The  anode  frame  was  then 
lowered  into  the  vat  by  means  of  a  travelling  crane  in  such  a  way 
that  each  lead  plate  hung  between  two  brass  cathodes. 

The  liquid  serving  as  electrolyte  was  brought  into  the  vat  from 
below  through  a  wooden  pipe,  and  overflowed  over  its  upper  edge 
into  a  reservoir,  and  then  into  a  pressure  vessel,  where  it  was 
heated  by  a  steam  coil  to  38""  C.  and  forced  again  through  the 
electrolysing  vats.  In  this  way  the  circulation  of  the  electrolyte,  one 
of  the  essentials  for  the  success  of  the  process,  was  secured. 

The  electric  current  passed   through  a  pipe  to  the  centre  of 

the  first  vat,  thence   to   the  side  of  this   vat  and  into  the  next 

vat,  through   which   it   passed   in   the   same   way.      From  this  it 

passed  successively  through  all  the  vats,  of  which  there  were  30. 

The  current  strength  was  1,000  amperes,  and  the  E.M.F.  from  2J  to 

3  volts.     The  density  of  the  current  with  an  anode  surface  of  550 

.^'^uare   feet  was   2  amperes  per  square  foot,  and  9   lbs.  of  lead 

were  deposited  on  the  cathodes  of  each  of  the  vats  per  hour,  so  that 

the  deposition  of  1  ton  of  lead  required  10  days.     The  lead  was 

deposited  in  a  dendritic  growth  on  the  cathodes  and  grew  towards 

the  anodes.     In  order  to  prevent  a  metallic  connection  being  thus 

made  between  anode  and  cathode,  with  the  resulting  short-circuiting 

of  the  current,  the  anode  frame  was  arranged  so  that  it  could  be 

rotated,  and  the  lead  crystals  were  removed  by  special  scrapers  and 

fell  down  to  the  bottom  of  the  bath.     The  silver  and  gold  remained 

behind  in  the  muslin  bags ;  the  residue  from  these  was  melted   with 

nitre  in  crucibles,  and  a  button  of  the  precious  metals  was  thus 

jbtained. 

A  similar  process  has  lately  been  suggested  by  Tomassi.*  The 
electrolyte  consists  of  a  double  salt  of  lead  and  sodium  or  potassium 
icetates  and  some  other  body  the  nature  of  which  is  kept  secret. 
The  cathodes  are  sheets  of  aluminium,  bronze,  or  iron  coated  with 
iickel  10  feet  in  diameter  and  0*8  inch  thick  which  can  be  rotated 
•nee  or  twice  a  minute,  and  the  anodes  are  semicircular  plates  2 
nehes  thick  and  made  in  two  segments.  Lead  is  deposited  on  the 
athodes  in  spongy  form  and  is  removed  by  fixed  scrapers  as  soon  as 
}  attains  the  requisite  thickness.  It  is  then  washed  in  a  sieve  with 
ater,  dried  in  a  hydraulic  press,  and  melted  in  crucibles  with  2  to  3 
er  cent,  of  charcoal.  The  anode  mud  is  washed  and  dried,  and  then 
lelted  with  saltpetre  and  borax.  The  wash  waters  and  press 
|uors  are  evaporated  to  30*"  B.  and  added  to  the  vat  liquors, 
othing  is  known  as  to  the  working  of  this  process  on  a  large  scale, 

^  Oomptea  renduSf  cxxii.  p.  147Q.     Sn^.  arid  Min.  Jowm,  August  20,  1896. 
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The  electrolytic  method  of  separating  lead  from  silver  is  inferior 
to  the  dry  process  of  desilverising  by  means  of  zinc,  and  has,  on  this 
account,  not  come  into  further  use.  It  must  be  borne  in  mind  that 
the  process  of  electrolytic  separation  is  necessarily  slow;  that  a 
previous  melting  of  the  work-lead  is  requisite,  as  well  as  a  remelting 
of  the  lead  which  is  deposited ;  that  the  working  up  of  the  mnd 
containing  the  precious  metals  is  difficult ;  that  losses  of  liquor  are 
unavoidable ;  and  that  the  dilute  liquors  produced  in  washing  the 
deposited  lead  require  fuel  for  their  concentration  by  evaporation. 

Zinc-Silver  Alloys 

The  electrolysis  of  the  zino-silver  alloy  obtained  in  the  desilver- 
ising of  lead  by  means  of  zinc  containing  aluminium  was  introduced 
at  Hoboken,  Antwerp.  This  process  has  however  not  proved  satis- 
factory from  an  economical  point  of  view  and  has  since  been  given  np. 

Greater  success  has  attended  the  electrolysis  of  zinc-silver  alloys, 
obtained  from  the  aluminium-zinc  desilverisation  process,  by  Hasse's 
process  at  Friedrichshutte,  Tamowitz.^  The  alloy  from  the  Roessler- 
Edelmann  process  is  liquated  to  remove  lead.  The  liquated  alloy 
averages  10  to  12  per  cent,  of  silver.  According  to  Roessler  its  com- 
position is  as  follows : — 

Silver    ....     11-32  Zinc    ....     7864 


Lead 

Copper 

Iron 


313  Nickel     .     .     .       0*51 

6*16  Arsenic      > 

0'24  Antimony ) 


traces. 


It  is  cast  into  anodes  0*4  inch  thick  and  44  to  66  lbs.  in  weight : 
the  cathodes  are  thin  sheets  of  electrolytic  zinc  and  the  electn>l}1<4' 
is  a  solution  of  zinc  sulphate.  The  baths  are  of  pitch-pine  lined  with 
lead  2  feet  6  ins.  long,  2  feet  wide  and  2  feet  3  ins.  deep,  arranged 
terrace-wise  in  two  batteries  of  4  each.  Each  bath  contains  6  anodes 
and  5  cathodes  at  distances  of  2  inches,  and  the  current  is  furnished 
by  a  Schuckert  dynamo  yielding  320  amperes  at  16  volts.  The  bath 
tension  is  1*25  to  1*45  volts  and  the  current  density  70 19  75ampen*j^ 
per  square  yard.  To  prevent  a  spongy  deposition  it  is  above  all 
needful  to  have  the  electrolyte  free  from  copper,  arsenic  and  inm. 
A  moderate  quantity  of  suspended  metallic  particles  is  said  to  be 
without  injurious  effect  on  the  electrolysia 

Before  the  electrolyte  reaches  the  baths  it  flows  in  a  thin  stream 
over  a  series  of  steps  covered  with  zinc  turnings,  the  top  and  bottom 

^  Zeil.  fiir  das  Berg-f  fftUUn-  wid  Salinenweaen  im  Prtum.  StaaUj  1897,  p>  32± 
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steps  being  in  the  form  of  little  tanks  which  contain  zinc  oxide. 
The  contact  vdth  air  attained  in  this  way  oxidises  the  impurities  in 
the  electroljrte,  especially  the  ferrous  salts,  the  zinc  and  zinc  oxide 
help  to  precipitate  these,  and  the  liquid  becomes  slightly  basic  from 
taking  up  zinc  oxide.  When  the  electrolyte  is  purified  in  this  way 
and  is  kept  circulating  during  electrolysis,  and  when  the  electrolysis 
is  carried  out  at  the  temperature  of  15°  to  20°  C.  and  under  the 
conditions  of  tension  and  current  density  mentioned  above,  the 
chance  of  spongy  zinc  being  deposited  is  completely  obviated. 

The  best  density  for  the  electrolyte  is  1*4°  to  1'6°  B.  Hermann's 
electrolyte,  which  is  a  double  salt  of  zinc  sulphate  and  sodium, 
magnesium  or  ammonium  sulphate,  has  a  better  electrical  conduc- 
tivity, but  is  apt  to  throw  down  a  spongy  zinc  as  the  impurities 
increase.  Warming  the  zinc  sulphate  solution  to  60°  C.  gave  a  very 
porous  zinc  deposit,  with  consequent  loss  on  melting ;  cooling  to 
8°  C.  had  no  eflfect  on  the  electrolysis. 

The  anodes  hang  in  the  baths  from  4  to  6  days,  the  cathodes 
from  3  to  4  days.  When  the  zinc  is  free  from  iron,  the  cathodes  are 
melted  down  in  graphite  crucibles ;  otherwise  they  are  melted  in 
iron  pots  and  cast  into  plates  9  lbs.  in  weight. 

The  anode  slimes  collect  in  heaps  on  the  bottom  of  the  baths 
and  carry  down  liquid  which  does  xiot  take  part  in  the  general 
circulation.  They  are  collected  at  intervals  of  8  to  14  days,  and 
are  found  to  contain,  besides  silver,  lead,  copper,  zinc,  and  zinc  oxide. 
After  removing  the  zinc  and  zinc  oxide  with  weak  sulphuric  acid,  the 
silver  content  is  30  to  60  per  cent. 

Haase's  method  ^  for  treating  these  anode  slimes  is  based  on  the 
fact  that  at  a  red  heat  the  sulphates  of  the  base  metals  (except  lead 
and  bismuth)  give  up  their  sulphuric  acid  to  silver,  converting  it 
thereby  into  sulphate.  (The  reverse  action  takes  place  in  solution  in 
the  cold.)  The  patent  runs  thus : — "  Process  for  obtaining  silver  from 
silver  slimes  by  heating  them  alone,  when  they  contain  enough 
sulphuric  acid  or  sulphate,  otherwise  with  these  reagents,  and  leach- 
ing out  the  silver  sulphate  thus  produced." 

In  the  case  under  discussion,  the  slimes  are.  soaked  with  a  hot 
concentrated  solution  of  impure  zinc  sulphate  (in  the  proportion  of 
1  of  solid  salt  to  4  of  slimes)  and  then  heated  up  to  redness  in  a  small 
calciner.  The  product  is  put  into  bags  and  extracted  with  hot  water, 
the  bags  being  first  hung  in  the  lower  of  two  baths  until  a  saturated 
solution  is  obtained,  and  then  raised  into  the  upper  bath  where  they 
come  into  contact  with  fresh  water. 

^  Imperial  German  Patent,  No.  91,899. 
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The  silver  is  precipitated  from  solution  by  iroD.  This  is  carried 
out  in  wooden  vats  ;  the  precipitate  is  washed,  moulded  into  cakes 
in  a  hydraulic  press,  dried,  and  melted  in  a  refinery  furnace.  The 
whole  process  lasts  24  to  36  hours.  The  desilverised  slimes  are 
treated  with  dilute  sulphuric  acid  to  dissolve  out  copper.  The 
residue,  consisting  mainly  of  lead  and  silver,  is  added  to  the  lead 
bath  on  the  cupellation  hearth.  Copper  is  precipitated  from  the 
cupriferous  liquors  by  iron. 

The  working  results  of  the  last  few  years  at  Friedrichshtitte  have 
proved  the  method  to  be  a  success,  though  at  the  same  time  they 
have  shown  that  the  electrolytic  production  of  zinc  alone  does 
not  pay. 
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Physical  Properties 

Gold  possesses  a  characteristic  yellow  colour  (golden  yellow) ;  this 
is  lighter,  the  more  silver  it  contains.  When  the  gold  is  finely 
divided  or  in  thin  leaves,  its  colour  changes  to  red,  blue  or  green ; 
thus  the  finely  divided  gold  in  ruby-glass  or  in  purple  of  Cassius 
appears  deep  red,  whilst  thin  leaves  of  gold  are  green  by  trans- 
mitted light. 

Gold  crystallises  in  the  cubical  system.  Its  fracture  is  hackly. 
It  is  softer  than  silver,  but  has  almost  the  same  tenacity  as  that 
metal.  It  is  the  most  ductile  of  all  metals ;  for  example,  R^umur 
succeeded  in  producing  a  film  of  gold  of  a  thickness  of  000000218 
millimetre  (000000087  inch).  Its  ductility  is  greatly  diminished 
by  minute  admixtures  of  other  metals,  especially  of  lead. 

The  specific  gravity  of  gold  is  19-30  to  19-33  at  17-4°  C.,  after  it 
has  been  fused  and  cast ;  according  to  G.  Rose,  19*33  to  19*34  when 
it  has  been  compressed,  and  19*55  to  20*72  when  it  has  been  precipi- 
tated by  ferrous  sulphate. 

Its  melting  point  is  given  between  1,037**  C.  (Becquerel)  and 
1,240°  C.(Riemsdyck).  Violle  found  it  to  be  1,035'' C.  (in  1879); 
the  recent  determinations  by  Daniel  Berthelot  give  1064°  C. 

At  elevated  temperatures  gold  volatilises  as  a  reddish  vapour. 
According  to  Eisner,  pure  gold  painted  on  pieces  of  porcelain  and 
fired,  volatilised  completely  at  the  temperature  of  the  porcelain  kiln 
(2,500*  to  3,000°  C.).  The  volatility  of  gold  is  increased  by  the  pres- 
ence of  foreign  metals.  According  to  Napier  the  loss  of  gold  with 
12  per  cent,  of  copper  when  heated  to  its  melting  point  amounted  to 
0*234  per  cent.,  with  10  per  cent,  of  copper  at  a  higher  temperature 
0*21  per  cent.,  and  at  the  highest  possible  temperature  0*8  per  cent. 
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T.  Eirke  Rose  ^  has  established  the  fact  that  gold  is  most  volatile 
when  alloyed  with  tellurium.  Thus  an  alloy  with  5  per  cent,  of 
tellurium  loses  165  to  3*95  per  cent,  of  gold  in  an  hour  at  1,245**  C, 
whilst  alloys  of  gold  with  5  per  cent,  of  antimony  or  mercury  only 
lose  0*2  per  cent,  of  gold  in  an  hour  at  the  same  temperature.  Lead 
and  platinum  increase  the  volatility  of  gold  to  a  slight  extent,  copper 
and  zinc,  however,  to  a  much  greater  extent ;  thus  Hellot '  states 
that  an  alloy  of  1  part  of  gold  and  7  parts  of  zinc  loses  all  its  gold 
on  heating  in  air. 

The  volatility  of  gold  alone  is  not  noticeable  at  1045**  C,  and  is 
barely  appreciable  at  1075°  C. ;  at  1250"*  C.  it  is  four  times  greater 
than  at  1100**  C.  An  atmosphere  of  carbon  monoxide  increases  the 
volatility.^ 

Gold  has  the  property  of  absorbing  gases,  in  the  solid  form  when 
heated  to  redness,  in  the  spongy  form  at  the  ordinary  temperature. 
According  to  Graham  gold  comets  heated  to  redness  absorbed  0*4S 
per  cent,  by  volume  of  hydrogen,  0*29  per  cent,  of  carbon  monoxide, 
016  per  cent,  of  carbon  dioxide,  and  0'19  to  0*24  per  cent,  of  gas, 
chiefly  nitrogen,  from  the  air.  Spongy  gold  precipitated  by  oxalic 
acid,  evolved  when  heated  to  redness  0*704  per  cent,  by  volume 
of  gas,  consisting  of  carbon  dioxide,  carbon  monoxide  and  a  Uttle 
oxygen. 

The  thermal  conductivity  of  gold,  silver  being  100,  is  given  a*^ 
between  60  and  103  (according  to  Depretz  103,  Calvert  and  Johnson 
98,  Wiedemann  and  Franz  60). 

The  specific  heat  is  between  0*0298  (Dulong  and  Pettit)  and 
0-03244  (Regnault). 

Its  electrical  conductivity  is  73  at  21*8°  C.  according  to  Matthiesen, 
silver  at  0^  C.  being  taken  as  100.     Other  authorities*  give  76*7. 

With  respect  to  the  effect  of  foreign  substances  on  gold,  it  is  to  be 
particularly  noted  that  lead,  bismuth,  cadmium,  antimony,  arsenic 
and  tin  render  gold  brittle  when  present  even  in  minute  quantities: 
even  ^xnr  ^^  IqsA,  bismuth  or  tin  produces  brittleness  in  gold. 
According  to  Hatchett  gold  with  000032  per  cent,  of  antimony  is  no 
longer  malleable.  Tellurium  causes  brittleness  in  gold.  Zinc  alsu 
renders  gold  brittle,  but  if  the  gold  contains  at  the  same  time  silver 
and  copper,  an  admixture  of  5  to  7  per  cent,  of  zinc  does  not  affect  its 
malleability.  Platinum  only  diminishes  the  ductility  of  gold  when  it 
is  alloyed  with  it  in  large  quantities  (over  i).     Osmium  and  iridium, 

1  7%c  Metallurgy  of  Odd,  p.  6. 

*  Op,  cit.  p.  8.  •  Op,  cit,  p.  5. 

^  Roberts- Austen,  Introduction  to  the  Study  of  Metallurgy ,  p.  58. 
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most  varying  degrees  of  concentration  will  dissolve  0*002  gram  of  gold 
(or  1  gallon  of  solution  dissolves  0'14  gram).  The  dissolving  power 
of  the  hyposulphites  of  calcium  and  magnesium  is  similar,  that  of 
potassium  is  less  ;  that  of  the  double  salt  of  sodium  and  copper  is  the 
same  as  of  the  hyposulphite  of  sodium  (Russell). 

Cyanide  of  potassium  and  sodium  dissolve  gold  as  a  double  salt, 
potassium  cyanide,  for  instance,  as  auro-potassium  cyanide  (KAuCvg). 

Gold  is  but  feebly  combined  in  its  solutions,  and  is  accordingly 
precipitated  by  a  whole  series  of  substances,  such  as  phosphorus, 
sulphur  dioxide,  hydrogen,  hydrogen  sulphide,  nitric  oxide,  nitrous 
acid  and  nitrites,  arsenious  acid,  antimonious  chloride,  mercury, 
silver,  palladium,  platinum,  the  common  metals,  carbon,  ferrous 
salts,  stannous  chloride,  and  many  organic  compounds,  such  as  oxalic 
acid,  sugar  and  alkaline  syrup.  Sulphides,  such  as  pyrites,  galena, 
sulphide  of  copper,  zinc  blende,  cinnabar,  stibnite  and  sodium  sulphide 
precipitate  metallic  gold  from  a  solution  of  the  chloride.  From 
solutions  of  auro-potassium  and  auro-sodium  cyanide  gold  is  thrown 
down  as  metal  by  the  metals  of  the  alkalies,  by  aluminium  and  by 
zinc. 

In  gold  extraction,  ferrous  salts  (sulphate  and  chloride),  charcoal, 
sulphuretted  hydrogen  and  sulphides  are  used  to  precipitate  gold 
from  its  solutions,  electrolytic  action  or  zinc  being  used  in  the  case 
of  dilute  auro-cyanide  solutions. 

Gold  forms  three  chlorides.  The  monochloride,  or  aurous  chloride, 
AuCl,  is  a  lemon-yellow,  amorphous  powder  obtained  by  heating  the 
trichloride  to  185°  C.  It  begins  to  decompose  at  185°  C.  and  at  230"^  C. 
it  is  completely  resolved  into  gold  and  chlorine ;  water  decomposes  it 
into  gold  and  auric  chloride. 

Gold  dichloride,  AuClg,  is  said  by  Thomson  to  be  obtained  as  a  dark 
red  mass  by  heating  finely  divided  gold  to  140° — 170°C.  in  a  stream 
of  chlorine.  In  contact  with  water  it  splits  up  into  gold  and  auric 
chloride.  The  existence  of  this  compound  has  been  called  into  question 
by  Kriiss  and  Lindet,^  who  regard  it  as  a  mixture  ol  auric  and  aurous 
chlorides. 

Gold  trichloride,  or  auric  chloride,  is  a  dark  ruby-red  or  reddish- 
brown  body  obtained  by  dissolving  gold  in  nitro-hydrochloric  acid 
(aqua  regia)  and  evaporating  the  solution  at  100°  C.  When  heated  to 
185°  C.  it  yields  the  monochloride  and  gold.  It  combines  with  water  to 
form  the  hydrate,  AuCl3.2H5(0,  which  can  be  obtained  in  orange- 
coloured  crystals.  At  150°  C.  it  forms  the  anhydrous  chloride,  AuCly 
Gold  trichloride  is  easily  soluble  in  water  and  in  presence  of  hydro- 

*  T.  K.  Rose,  op.  cit.  p.  85. 
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chloric  acid  fomis  chlor-auric  acid,  which  crystallises  in  long,  yellow 
needles  having  the  formula  HAUCI4.4H2O. 

The  bromides  of  gold  are  similar  in  composition  to  the 
chlorides. 

Aureus  bromide,  AuBr,  is  a  yellowish-green  powder  got  by  heating 
the  tribromide  to  140°  C ;  it  is  insoluble  in  water  but  decomposed  by 
it  into  gold  and  gold  tribromide. 

Gold  dibromide,  AuBrg,  is  said  to  be  produced  along  with  some 
tribromide  when  bromine  and  gold  are  brought  together  in  the  cold. 
Water  decomposes  it  into  aureus  and  auric  bromides.  Like  the 
dichloride,  it  is  regarded  by  some  as  a  mixture  of  the  other  two 
bromides. 

Auric  bromide,  AuBrg,  resembles  auric  chloride  in  its  chemical 
properties,  and  is  formed  by  the  action  of  bromine  water  on  gold,  the 
reaction  being  favoured  by  heating.  Its  solution  in  water  is  reddish- 
brown  in  colour,  and  on  evaporation  yields  reddish-black  or  scarlet- red 
leafy  crystals. 

Gold  forms  two  cyanides,  AuGN  and  Au(CN)8,  the  latter  of  which 
is  only  known  in  its  double  salts.  Aureus  cyanide,  AuCN,  is  the 
lemon-yellow  powder,  insoluble  in  water  and  unalterable  in  air, 
obtained  by  heating  potassium  gold  cyanide  with  hydrochloric  or  nitric 
acid.  It  is  soluble  in  ammonia,  alkaline  cyanides  and  sodium  thio- 
sulphate,  and  is  unaltered  by  mineral  acids.  Aqua  regia  dissolves  it 
and  boiling  potash  solution  causes  precipitation  of  geld.  On  heating 
it  splits  up  into  gold  and  cyanogen. 

Potassium  aureus  cyanide,  KAu(CN)j,  is  obtained  in  the  form  of 
a  slightly  soluble  crystalline  powder,  by  the  evaporation  of  solutions  of 
gold,  aureus  cyanide  and  aureus  oxide  in  potassium  cyanide. 

Potassium  auric  cyanide,  BlAu(CN)4,  is  formed  on  mixing  hot 
concentrated  solutions  of  potassium  cyanide  and  auric  chloride.  On 
cooling,  colourless  crystals  of  KAu(CN)^.3H20  separate  out.  These 
lose  two  molecules  of  water  in  air,  and  the  last  en  heating  to  200° ; 
at  300°  C.  the  anhydrous  compound  suffers  decomposition,  but  this  is 
not  complete  even  at  a  much  higher  temperature. 

Two  oxides  of  geld  are  known.  Aureus  oxide,  AugO,  is  the  dark 
purple  precipitate  formed  on  putting  together  mercureus  nitrate  and 
neutral  auric  chloride  solutions,  or  by  acting  en  aureus  chloride  or 
bromide  in  the  cold  with  caustic  potash.  When  freshly  prepared  it 
is  soluble  in  alkalies  and  in  cold  water,  forming  an  indigo-blue  solution, 
which  en  heating  gives  a  precipitate  of  the  hydroxide.  This  hydroxide 
loses  its  water  at  200°  C.,  and  the  anhydrous  compound  breaks  up  into 
its  elements  at  250°  C.     Aureus  oxide  is  decomposed  by  hydrochloric 
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acid  into  gold  and  auric  chloride  ;  it  is  soluble  in  aqua  regia,  but  un- 
affected by  sulphuric  and  nitric  acids. 

Auric  oxide,  AujOjjis  obtained  as  a  brown  hydrate,  AugOj-HjO,  by 
precipitating  auric  chloride  solution  with  caustic  alkalies  or  alkaline 
earths,  and  alkaline  carbonates.  At  148°  C.  it  becomes  black  and  at 
200°  C.  it  loses  all  its  water  and  passes  over  into  the  oxide,  Au^Oj.  It  is 
soluble  in  strong  sulphuric  and  nitric  acids  and  is  partially  precipi- 
tated from  the  solutions  by  dilution  or  boiling.  Hydrochloric  and 
hydrobromic  acids  dissolve  it,  forming  thereby  the  corresponding  haloid 
salts  ;  hydriodic  acid  decomposes  it  on  boiling,  gold  and  iodine  being 
set  free.  Boiling  solutions  of  the  chlorides  of  the  alkalies  dissolve 
auric  oxide  with  formation  of  aurates  and  chloraurates.  It  is  reduced 
to  gold  by  boiling  with  alcohol,  or  by  heating  with  hydrogen,  carbon 
and  carbon  monoxide. 

Gold  does  not  combine  with  free  sulphur.  Sulphuretted  hydrogen 
throws  down  from  gold  solutions  a  brownish-black  precipitate  con- 
sisting of  sulphide  of  gold,  of  metallic  gold  and  of  sulphur  ;  in  the  cold 
it  consists  mainly  of  sulphide  of  gold,  but  decomposes  on  heating,  all 
the  gold  separating  in  the  metallic  state.  Sulphide  of  gold  dissolves 
in  alkaline  sulphides  forming  a  sulpho-salt ;  this  is  also  formed  when 
gold  is  fused  with  alkaline  carbonates  and  sulphur. 

Gold  forms  alloys  with  most  metals. 

Gold  readily  alloys  with  mercury  in  all  proportions,  forming  so- 
called  gold-amalgamy  which  is  soluble  in  mercury.  Mercury  not  only 
takes  up  gold  very  readily  but  is  also  capable  of  separating  it 
mechanically  from  substances  lighter  than  the  former.  If,  for  in- 
stance, sand  containing  gold  is  thrown  on  to  a  bath  of  mercury,  the 
particles  of  gold  will  sink  in  the  mercury,  whilst  the  sand  floats  on 
its  surface.  Amalgam  containing  90  per  cent,  of  mercury  is  fluid, 
with  87*5  per  cent,  it  is  pasty,  and  with  87  per  cent,  it  forms  yellowish- 
white  crystals.  Solutions  of  the  amalgam  in  mercury,  when  pressed 
through  chamois  leather,  leave  a  residue  containing  66  per  cent,  of 
gold,  and  the  mercury  which  passes  through  the  leather  bears  a  little 
gold,  the  amount  depending  largely  on  the  temperature.  Thus  at  0"^  C. 
it  is  Oil  per  cent.,  at  20°,  0126  per  cent.,  and  at  100°,  0*65  per  cent.^ 
The  gold-bearing  mercury  can  be  decomposed  by  heating,  into  gold 
and  mercury,  the  mercury  volatilising  at  about  360°  C,  whilst  the  gold 
remains  behind  as  metal;  the  mercury  can  be  recovered  by  the 
condensation  of  its  vapour.  Mercury  thus  distilled  off"  from  gold 
amalgams  cames  a  little  gold  with  it,  under  oixlinary  conditions  about 
O'l  per  cent.,  which  is  only  given  up  near  the  melting  point  of  gold. 

'  Kasentself,  Bull.  Soc.  Chim,  xxx.  p.  20. 
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As  mercury  is  fluid  at  the  ordinary  temperature,  a  i 
bine  with  the  majority  of  the  constituents  of  gold  oi  ! 
moreover  be  separated  again  from  gold  at  a  cc  : 
temperature,  it  forms  the  most  universally  emp  : 
extracting  gold  from  its  ores. 

With  silver,  gold  alloys  in  all  proportions.     Na 
generally  alloyed  with  more  or  less  silver. 

Whenever,  therefore,  silver  is  contained  in  ores 
ducts,  it  always  takes  up  any  gold  that  may  be  presc  i 
by  any  method  of  fusion.     In  gold  extraction,  aur 
argentiferous  gold  is  therefore  often  produced.      T  i 
and  silver  thus  obtained  is  subsequently  parted,  as  v  i 
further  on  (p.  1042). 

Gold  and  silver  may  be  separated,  as  has   be< : 
the  head  of  Silver,  by  converting  the  silver  into  i 
chloride  or  sulphide,  as  also  by  means  of  electrolysis. 

Gold-silver  alloys  with  less  than  f  of  silver  cann( 
parted  by  nitric  acid,  and  alloys  very  rich  in  gold  are 
that  acid. 

Molten  gold-silver  alloys  containing  less  than  20  : 
deposit  when  slowly  cooled  an  alloy  containing  1  pail 
parts  of  silver  (AuAgg),  and]  the  mother-liquor  coii 
gold. 

Lead  and  gold  fuse  together  readily  in  all  proj 
lead  also  extracts  gold  from  its  combinations  with 
On  account  of  the  oxidisability  of  lead  at  high  ten 
fusible  oxide,  gold  and  lead  can  be  separated  in  the  sai: 
and  lead,  by  cupellation. 

As  most  lead  is  silver-bearing,  gold  that  is  extrac : 
lead  is  generally  alloyed  with  silver.  As  compared 
lead  has  the  disadvantage  that  it  cannot  be  used  for 
at  the  ordinary  temperature,  but  must  first  be  melted 
molten  condition  by  the  application  of  a  considera. 
heat  before  it  can  act  on  the  gold.  It  forms,  i 
excellent  medium  for  collecting  gold  and  silver  in  sm 
artificial  products  containing  gold  and  silver.  It  is  ki 
the  metallic  state  than  in  the  state  of  ores  and  metalh 
which  are  reduced  by  the  smelting  operations. 

Copper  alloys  readily  with  gold  ;  the  latter  metal  c 
from  these  alloys  by  means  of  lead.  Gold  can  also  be 
copper  by  dissolving  the  latter  in  acids  or  by  meani 
Copper  is  used  for  collecting  gold  in  the  treatment  ol 
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cupriferous  furnace  products  containing  gold  and  silver,  more  rarely 
in  the  treatment  of  ores  that  do  not  contain  copper ;  it  is  used  in  the 
form  of  copper  ores  or  copper  mattes. 

Zinc  also  combines  readily  with  gold  ;  the  zinc  may  be  removed 
from  the  alloy  by  distillation,  by  solution,  by  oxidation  and  by  elec- 
trolysis. It  is  not  used  for  the  direct  separation  of  gold  from  ores, 
but  an  alloy  containing  gold,  silver,  lead  and  zinc  is  obtained  when 
auriferous  work-lead  is  desilverised  by  zinc.  Here  gold  passes  with 
copper  into  the  first  alloy  that  separates  out,  which  is  worked  up  for 
auriferous  silver. 

Gold  Ores 

Gold  occurs  in  nature  both  in  the  native  state  and  combined 
with  tellurium. 

The  real  ore  of  gold  is  native  gold. 

Native  Gold 

This  is  generally  alloyed  with  silver  which  may  amount  to  39 
per  cent. ;  it  also  often  contains  smaller  quantities  of  the  platinoid 
metals,  iron,  copper,  lead,  bismuth  and  mercury. 

Native  gold  occurs  in  part  in  situ  in  its  original  deposits,  in  part 
in  beds  of  sand  and  gravel  which  have  been  formed  by  the  destruction 
of  the  former..  Gold  of  the  first  class  is  called  reef-gold^  of  the  second 
alluvial  gold. 

Reef-gold  is  generally  found  disseminated  in  quartz,  accompanied 
by  brown  haematite  in  the  upper  portions  (gossans)  of  the  deposits, 
and  by  sulphurets  in  the  lower  portions,  especially  iron  pyrites,  also 
arsenical  pjnites,  zinc  blende  and  galena.  It  also  occurs  in  veiy 
small  quantities  in  many  deposits  that  carry  pyrites  or  blende,  e.^., 
Rammelsberg,  Lautenthal,  Freiberg  and  Reichenstein. 

Alluvial  gold  occurs  as  dust,  grains,  scales,  and  larger  pieces 
(nuggets)  in  alluvial  deposits,  which  form  beds  of  sand,  gravel,  or 
breccia  either  upon  the  surface  (shallow  placers)  or  at  greater  or  less 
depths  beneath  it  (deep  placers),  and  which  have  been  produced  by 
the  destruction  of  gold-bearing  deposits.  It  also  occurs  in  the  sands 
of  many  streams  and  rivers,  having  been  washed  out  of  the  rocks  on 
their  banks.  Amongst  the  foreign  substances  with  which  alluvial 
gold  is  mixed  may  be  named  quartz,  clay,  mica,  chlorite,  serpentine> 
ilmenite,  magnetite,  chromite,  garnet,  spinel,  zircon,  and  platinum. 
Important  alluvial  deposits  occur,  fpr  e;cample,  on  the  western  fianks 
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of  the  Sierra  Nevada  in  California,  where  they  are  650  feet  in  thick- 
ness and  fill  the  valleys  of  Pliocene  rivers. 

In  the  gravels  of  California,  nuggets,  according  to  Eggleston, 
weighing  2,250  ounces  troy,  and  in  those  of  Australia  (Ballarat  in 
Victoria)  weighing  2,958  ounces,  and  many  others  have  been  found. 

The  most  important  localities  for  native  gold  are:  Australia, 
especially  the  colonies  of  Victoria  (Ballarat,  Bendigo),  Queensland 
(Mount  Morgan,  for  a  time  the  richest  gold  mine  in  the  world, 
Gympie  gold  fields),  West  Australia  (especially  Coolgardie),  New 
South  Wales  and  New  Zealand,  in  all  of  which  countries  it  occurs 
both  as  reef  and  as  alluvial  gold ;  North  America,  especially  the 
United  States,  British  Columbia,  and  Nova  Scotia.  Of  the  United 
States  the  principal  producers  are :  California,  especially  on  the 
flanks  of  the  Sierra  Nevada  (reef  and  alluvial),  Colorado,  Nevada, 
(Washoe,  Carson  river),  Oregon,  Idaho,  Montana,  Utah,  Dakota, 
Arizona,  Wyoming,  &c.  The  Yukon  deposits,  which  have  lately 
become  prominent,  belong  partly  to  the  United  States  (Alaska), 
partly  to  Canada ;  the  richest  region,  Klondyke,  belongs  to  Canada. 
In  South  America  gold  is  found  in  Brazil,  the  .Guianas,  Chili,  and 
Peru ;  in  Africa,  chiefly  in  the  Transvaal,  in  South- West  Africa,  and 
the  Gold  Coast ;  in  Asia,  in  India,  Turkestan,  East  and  West  Siberia. 
In  West  Siberia  it  occurs  both  in  reef  and  alluvial  deposits  at 
Beresov,  Miask,  Troitsk,  Goroblagodat,  Tagil,  Bisersk,  Kishtimsk,  as 
also  in  the  districts  of  the  Bashkires,  Teptjares,  and  Cossacks ;  in 
Elast  Siberia  in  the  districts  of  the  rivers  Yenisei,  Amur,  Olekma, 
Witim,  and  Kara. 

In  Europe  gold  occurs  only  in  relatively  small  quantity.  It 
occurs  in  Russia  (the  Urals),  in  Siebenbiirgen  (Abrudbanya,  Voros- 
patak,  Butzum,  Vulkoy,  Ruda,  Brad),  also  in  Carinthia  (Heiligenblut), 
Salzburg  (Rauris  and  Gastein),  Italy  (Pestarena),  Finland  and  Norway. 
In  England  it  occurs  in  Wales.  In  Germany  only  in  very  unimport- 
ant quantities  in  the  sands  of  some  rivers  (Rhine,  Eder),  as  also  in 
some  deposits  of  pyrites. 

Cornpaunds  of  Gold  with  TelluHicm 

These  but  rarely  occur  in  any  quantity ;  among  them  are  Graphic 
Tellurium  or  Sylvanite  (AuAg)Te2,  Foliated  Tellurium  or  Nagyagite 
(Pb,Au)2  (STeSb)3,  Petzite  (Ag^TcAugTe),  Calaverite  (AxxTe^)  and 
White  Tellurium  (AuAgPb)  (TeSb),.  These  ores  occur  at  Nagyag 
and  Offenbanya  in  Siebenbiirgen,  in  the  Altai,  in  California,  Boulder 
Qountjr,  Colorado,  in  West  AustJralia,  and  other  places.     At   Perth 
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and  Boulder  in  West  Australia,  large  quantities  of  tellurium  ore  are 
found  of  the  following  composition  ^ : — 


Calaverite. 

Colonuioite 

Gold  .... 

.    .      41-37 

trace 

Silver    .    .    . 

.    .        0-58 

012 

Mercury    .    . 

•    . 

50-40 

Tellurium 

.    .      57-27 

49-48 

Auriferous  Metallurgical  Products 

The  chief  metallurgical  products  that  furnish  material  for  the 
extraction  of  gold  are  mattes,  black  copper,  dross,  slags,  and  alloys  of 
silver  and  gold.     Gold  is  but  rarely  extracted  from  pyrites  residues. 


The  Extraction  of  Gold 

Gold  may  be  extracted  from  its  ores,  either  direct  by  washing,  or 
by  metallurgical  processes ;  in  the  latter  it  is  combined  with  mercury, 
lead,  silver,  or  copper,  or  brought  into  aqueous  solution.  The  extrac- 
tion may  be  performed  in  the  dry  way,  in  the  wet  way,  or  by  means 
of  electrolysis. 

We  have  therefore  to  distinguish : 

1.  Extraction  of  gold  by  simple  washing. 

2.  Extraction  of  gold  in  the  dry  way. 

3.  Extraction  of  gold  in  the  wet  way. 

4.  Extraction  of  gold  by  means  of  electrolysis. 

The  extraction  by  simple  washing  is  effected  by  dressing  gold- 
bearing  sands,  gravels'  or  ores. 

The  extraction  of  gold  in  the  dry  way  is  effected  by  converting 
the  gold  into  a  gold-lead  or  gold-lead-silver  alloy  and  cupelling  it. 

The  extraction  of  gold  by  combined  wet  and  dry  methods  may  be 
effected  by : 

(a)  Obtaining  the  gold  as  a  gold-mercury  alloy. 

(h)  Obtaining  the  gold  in  aqueous  solutions. 

(c)  Obtaining  the  gold  as  a  gold-silver  or  a  gold-silver-copper 
alloy,  and  dissolving  the  silver  and  copper  out  of  these  alloys. 

The  extraction  of  gold  by  electrol3rtic  methods  is  effected  by 
obtaining  the  gold  as  a  gold-silver  or  gold-copper  alloy,  and  separating 
these  metals  from  the  gold  by  means  of  electrolysis.. 

The  separation  of  gold  and  silver  is  known  as  parting,  and  will  be 

^  Trans.  A.I.M.E,  February,  1898. 
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described  independently  of  the  other  methods  of 
after  these  latter  have  been  dealt  with. 

The  selection  of  a  method  of  gold  extraction  depei 
of  occurrence  of  the  gold  and  the  nature  of  the  si 
mingled  with  it. 

Extraction  of  the  gold  by  washing  alone  is  only 
case  of  ores  carrying  native  gold.  Except  for  the  sepan 
that  occurs  in  coarse  grains  or  larger  nuggets  in  alluv 
handpicking  or  washing,  this  method  is  now  only  use 
and  in  uncivilised  countries,  because  of  the  heavy  los 
it.  Washing  is,  however,  often  combined  with  amalgj 
ores. 

The  dry  method  of  gold  extraction  consists  in  sm( 
or  auriferous  furnace  products  with  lead,  lead  ores, 
furnace  products. 

This  method  should  be  employed  not  on  pure  go 
auriferous  and  argentiferous  lead  ores;  it  can  also    : 
advantage  for  auriferous  and  argentiferous  copper  ores 

It  would  only  be  used  on  pure  gold  ores,  where  let 
are  cheap,  or  where  the  other  methods  are  not  applical  < 
character  of  the  gold  ore  itself. 

Extraction  of  gold  by  means  of  mercury,  so-called 
should  be  employed  whenever   the   main   proportioi 
present  is  capable  of  being  absorbed  by  mercury.     Tl:  ! 
general,  simplest,  and  cheapest  method  of  gold  extrac  i 
fails  with  ores  which  contain  the  gold  in  a  fine  state 
enclosed  in  pyrites. 

Extraction  of  gold  by  means  of  aqueous  solutions  (  ; 
as  auropotassic  cyanide)  is  employed  when  the  gold  is  i 
extracted  by  amalgamation,  as  is  often  the  case  wit  i 
This  method  may  often  be  used  with  advantage  where  i 
fiiils  and  smelting  processes  are  too  expensive ;  it  is  fi ; 
bined  with  the  last  described  method. 

The  extraction  of  gold  in  the  form  of  gold-silver  ; 
alloys,  out  of  which  the  silver  and  copper  are  subsequei 
is  a  combination  of  smelting  methods  or  wet  methods 
Auriferous  copper  is  obtained  by  smelting  gold-bearin,; 
or  gold  ores  with  copper  ores  or  mattes.  Auriferous  silv< 
by  treating  gold-bearing  silver  ores  with  lead  ;  argenti 
obtained  in  most  methods  of  gold  extraction.  The  silv* 
are  dissolved  by  acids  leaving  the  gold  behind. 

The  extraction  of  gold  by  electro-metallurgical  mi 
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far  only  been  practised  with  advantage  for  the  treatment  of  gold 
alloys,  especially  of  gold-copper  and  gold-silver  alloys,  and  is  also  a 
form  of  parting. 

I.  Extraction  of  Gold  by  Washing 

The  extraction  of  gold  by  washing  or  dressing  alone  is  only  quit* 
exceptionally  used  in  civilised  countries  on  account  of  the  heavy 
losses  of  gold  entailed  by  it,  which  may  amount  to  50  per  cent.  Id 
combination  with  amalgamation  it  is,  however,  the  method  most 
commonly  used. 

In  California  gold  prospectors  use  a  pan  (Figs.  639  and  640)  to 
test  gold-bearing  rock  and  to  extract  the  finest  gold  on  a  small  scale. 


It  is  made  of  black  sheet  iron,  usually  Russian  sheet  iron ;  in  Aus- 
tralia the  pan  is  generally  made  of  sheet  tin.  In  Mexico  and  South 
America  a  wooden  dish  in  the  shape  of  a  flattened  cone  16  inches  in 
diameter  and  2  inches  deep,  known  as  the  6atea,  (Figs.  641  and  643) 
is  used. 

In  California  and  Australia  the  cradle  or  rocker  and  the  long 
tom  were  lai^ely  used  at  one  time.  The  cradle  is  a  box  provided 
with  a  sieve  in  the  upper  part,  the  whole  resting  on  rockers,  so  that 
it  can  be  rocked  by  means  of  a  handle.  The  gold-bearing  gravel  is 
thrown  into  the  sieve  and  water  is  thrown  on ;  the  pebbles  are  re- 
tained in  the  sieve,  or  carried  away  from  it  by  the  water,  whilst  the 
finer  parts  are  caiTied  through  it  by  the  water,  which  washes  away  the 
lighter  portions  over  the  inclined  bottom,  whilst  the  heavier  contain- 
ing the  gold  are  retained  by  transverse  slats,  known  as  ri^s.  The 
construction  of  a  cradle  is  shown  in  Figs.  643  and  644,  in  which  s  is 
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the  sieve,  t  the  bottom  of  the  cradle,  divided  by  the  riffles  (v)  into  a 
number  of  separate  compartments ;  y  are  the  two  rockers,  resting  on 
the  floor  pieces  z.  His  the  handle  by  which  the  apparatus  is  rocked. 
The  coarser  pebbles  escape  by  the  shoot  (r,  the  finer  lighter 
portions  by  -ff".  With  fine  gold  the  loss  of  gold  is  very  great.  A  man 
can  wash  1|  cubic  yards  of  gold-bearing  sand  per  day  in  the  cradle. 
In  California  its  use  is  now  practically  confined  to  Chinamen,  who  are 
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Fig.  648. 
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rewashing  old  tailing  heaps  that  have  already  been  washed  one  or 
more  times. 

The  long  tom,  too,  is  now  almost  confined  to  the  Chinese.  It 
consists  of  two  troughs,  of  which  the  lower  lying  one  is  furnished  with 
cross-riffles  on  its  inclined  bottom.  The  upper  trough  is  14  feet  long 
and  has  a  slope  of  1  inch  to  the  foot ;  the  upper  end  is  20  inches,  the 
bottom  end  30  inches  wide ;  its  lower  end  is  closed  by  a  sieve  that 
retains  the  coarser  pieces,  pebbles,  &c.  The  lower  trough  is  12  feet 
long  and  3  feet  wide,  and  has  the  same  slope  as  the  upper  one.  By 
means  of  a  strong  stream  of  water  the  material  thrown  in  at  the  upper 
end  of  the  upper  box  is  carried  through  both  boxes,  the  gold  being 
caught  in  the  riffles  of  the  lower  box.  Two  men  with  the  long  tom 
can  do  five  times  as  much  work  as  with  the  cradle. 

3  o  2 
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At  present  the  sluice  is  the  appliance  most  used  in  the  United 
States.  It  consists  of  a  series  of  troughs  or  boxes  1  foot  4  inches  to 
1  foot  9  inches  wide  and  at  least  9  inches  deep.  Each  box  is  12  feet 
long,  and  they  are  connected  so  as  to  form  long  troughs,  sometimes 
several  hundreds  of  yards  in  length,  the  inclination  being  fix)m  8  to 
20  inches  to  the  12  foot  box.  They  are  furnished  with  either  longi- 
tudinal or  transverse  wooden  slats  or  riffles,  which  are  wedged  into 
their  places,  and  which  help  to  disintegrate  the  clayey  matter.  At 
intervals  so-called  undercurrents  are  inserted,  to  separate  the  coarser 
pebbles,  &c.  These  are  formed  by  replacing  the  bottom  of  a  box  by 
a  grating,  known  as  a  grizzly,  and  leaving  the  end  of  the  box  open. 
Underneath  the  grating  there  is  a  trough  at  right  angles  to  the  main 
sluice,  which  opens  into  another  trough  or  box  paiallel  to  the  main 
direction,  and  which  forms  the  continuation  of  the  sluice.  The  finer 
portions  fall  through  the  grating  into  the  cross  sluice,  which  is  very 
wide  and  gives  an  opportunity  for  the  settling  of  any  fine  gold,  whilst 
the  sand,  &c.,  is  carried  through  the  undercurrent  into  the  boxes  that 
form  the  continuation  of  the  main  sluice ;  the  larger  pebbles  that 
cannot  pass  through  the  grizzly  pass  over  it  and  out  through  the 
open  end  of  the  upper  main  box  on  to  a  dump. 

The  gold  is  caught  by  the  cross  riffles.  Mercury  is  also  generally 
sprinkled  into  these  so  as  to  combine  amalgamation  with  washing. 
The  ore  to  be  washed  is  shovelled  in  at  the  head  of  the  sluice  and  is 
carried  along  by  the  current  of  water.  The  sluice  is  considered  to  be 
the  best  contrivance  for  washing  gold-bearing  gravels. 

In  Russia,  washing  appliances,  consisting  generally  of  pug  mills  or 
drums,  followed  by  trommels  and  strakes,  are  used,  and  are  driven  by 
steam  or  water-power. 

The  gold  obtained  by  dressing  often  retains  magnetic,  ilmenitc, 
and  chromite,  together  with  other  specifically  heavy  minerals.  It  is 
freed  from  these  substances  by  fusion  with  potash,  borax,  and  nitre. 
The  magnetite  is  sometimes  removed  by  the  magnet  before  melting 
which  is  usually  performed  in  graphite  crucibles.  Impure  gold  may 
also  be  treated  in  the  lead  bath  of  a  cupelling  furnace. 

11.  Extraction  of  Gold  in  the  Dry  Way 

This  process  consists  in  alloying  the  gold  with  lead  and  cupelling; 
as  the  lead  always  contains  silver,  the  result  is  a  silver-gold  alloy  that 
has  to  be  parted. 

The  alloying  of  gold  with  lead  (called  in  German  VerbUiung,  i.e., 
"  leading  ")  is  performed  as  in  the  case  of  silver.     It  may  be  eflFected 
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either  by  introducing  ores  into  a  bath  of  lead,  or  by  smelting  the 
ores  with  lead-bearing  fluxes,  or  by  first  smelting  the  ores  for  matte 
and  then  smelting  the  latter  with  fluxes  containing  lead. 

The  introduction  of  pure  gold  ores  into  a  lead  bath  is  only 
exceptionally  practised,  but  this  may  be*  done  in  the  case  of  ores 
containing  considerable  quantities  of  gold  and  silver,  the  operation 
being  performed  as  in  the  case  of  silver  ores. 

Smelting  the  ores  with  lead-bearing  fluxes  for  work-lead  is  per- 
formed as  in  the  analogous  process  with  silver  ores  already  described 
(page  593).  Ores  poor  in  gold  and  silver  are  first  smelted  for  matte, 
which  is  treated  as  in  the  case  of  silver. 

If  the  gold  ores  contain  copper,  a  part  of  the  gold  alloys  with  the 
copper,  either  in  the  form  of  copper  matte  or  of  black  copper. 

By  means  of  zinc,  auriferous  lead  can  be  enriched  just  as  argent- 
iferous lead  can  be.  When  argentiferous  lead,  that  also  contains 
some  gold,  is  being  enriched  in  silver,  the  gold  accumulates  in  the 
zinc  that  is  first  added.  After  the  zinc  has  been  removed  from  the 
alloy,  an  auriferous  lead  is  left,  which  is  cupelled  in  order  to  extract 
the  gold  from  it. 

The  cupellation  of  auriferous  or  auriferous  and  argentiferous  lead 
is  identical  with  that  of  argentiferous  lead. 

The  treatment  with  lead  of  gold  and  silver  ores,  or  of  auriferous 
silver  ores,  is  practised  at  Schemnitz,  Nagybanya,  and  Zalathna  in 
Hungary,  Freiberg  in  Saxony,  and  Andreasberg  in  the  Upper  Harz. 
These  processes  have  already  been  described  (page  599). 

At  Zalathna  (page  603)  a  work-lead  is  ultimately  produced  from 
auriferous  pyrites  that  has  the  following  composition  : — 

Pb  99-346 

Sb  0018 

Cu  trace 

Ag  0-326 

Au  0-310 

Fe           trace 

It  is  cupelled  in  German  cupellation  furnaces  fired  with  wood. 
The  first  charge  of  work-lead  is  2-4  to  2*6  tons,  and  it  is  raised  by 
subsequent  charges  to  8  to  9  tons.  The  loss  of  lead  is  8  per  cent. 
The  Blicksilver  produced  contains  97-5  per  cent,  fine  silver  and  gold, 
the  alloy  containing  50*4  per  cent,  of  fine  gold. 

At  Deadwood,  South  Dakota,^  quartzose  gold  ores  containing 
78  per  cent,  of  silica,  12  per  cent,  of  ferrous  oxide,  small  quantities  of 

^  Collins,  The  Metallurgy  of  Lead  and  Silver,  ii.  p.  267. 


934  METALLURGY 

alumina,  lime  and  magnesia,  and  1  ounce  of  gold  and  2  ounces  of 
silver  per  ton,  are  smelted  with  additions  of  dolomitic  limestone  and 
a  little  cupriferous  pyrites,  to  a  matte  containing  10  per  cent,  of  copper, 
10  ounces  of  gold,  and  20  ounces  of  silver  per  ton.  The  furnaces  used 
are  rectangular  shaft  furnaces,  132  by  36  inches  at  the  tuyere  level, 
and  16  feet  high  from  tuyere  to  throat.  The  daily  capacity  is 
215  tons  ;  1  ton  of  matte  is  produced  from  20  tons  of  charge,  the  fuel 
consumption  is  15  per  cent,  of  the  charge,  and  the  slags  contain 
52  per  cent,  of  silica.  The  matte,  without  roasting,  is  smelted 
with  lead  ores  in  shaft  furnaces,  the  products  being  a  copper  matte 
containing  most  of  the  silver,  and  a  work-lead  containing  most  of  the 
gold  of  the  first  matte.  The  work-lead  is  cupelled,  the  copper  matte 
is  roasted  and  then  smelted  for  black  copper,  which  is  sold  to  the 
copper  refining  works. 


III.  Extraction  of  Gold  by  Combined  Wet  and  Dry 

Methods 

A.  extraction  of  gold  in  the  form  of  a  gold-mercurv 

alloy 

This  process  is  known  as  amalgamation.  It  consists  in  combining 
the  gold  with  mercury,  and  in  decomposing  the  gold-mercury  alloy  or 
amalgam  thus  obtained  by  heating  it,  whereby  the  gold  is  obtained 
as  metal,  whilst  the  mercury  is  volatilised  as  vapour,  and  again 
condensed.  The  mercury  does  not  only  alloy  with  the  gold,  but  alst) 
separates  it  mechanically  from  the  substances  with  which  it  is  inter- 
mixed; when  crushed  gold  ores'  are  treated  with  mercury,  the 
particles  of  gold  sink  in  the  latter  by  reason  of  their  high  specific 
gravity,  whilst  the  gangue  floats  on  the  surface. 

Amalgamation  is  applicable  to  ores  that  contain  gold  in  the  native 
state  and  free;  ores  that  carry  gold  enveloped  in  pyrites  have  U* 
be  calcined  before  amalgamation.  Chloride  of  gold,  contiiined  in 
ores  after  a  chloridising  roasting,  is  decomposed  by  mercur}'  with  the 
formation  of  mercurous  chloride ;  the  gold  thus  separated  is  .absorbed 
by  the  mercury.  The  same  substances  that  interfere  with  the  amal- 
gamation of  silver  ores  are  also  injurious  to  gold  ores.  These  are 
more  especially  ores  of  lead,  bismuth,  zinc  and  antimony,  which 
render  the  amalgam  pasty,  and  the  hydrated  silicates  of  magnesia  and 
alumina,  which  tend  to  flour  or  "sicken  the  mercury. 

During  thp  crushing  that  precedes  the  amalgamation  of  gold  ores, 
the  larger  particles  of  gold  are  readily  stamped  or  rolled  into  thin 
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leaves,  which  unite  with  mercury  with  greater  difficulty  than  the 
fine  dust,  and  are  hence  apt  to  be  carried  away  by  the  stream  of 
water  (Jloat  gold). 

When  the  mercury  is  made  to  attack  very  fine  particles  of  ore,  a 
certain  amount  of  the  former  is  readily  broken  up  into  minute 
spherules,  which  are  surrounded  by  a  film  of  dust,  and  then  only 
reunite  with  difficulty  into  larger  drops,  so  that  they  are  mostly 
carried  off  in  the  stream  of  pulp ;  mercury  in  this  state  is  said  to 
be  floured  or  sickened.  As  it  will  have  already  taken  up  a  certain 
quantity  of  precious  metals,  this  entails  a  loss  of  gold  as  well  as 
of  mercury. 

When  pyritic  gold  ores  are  submitted  to  an  oxidising  calcination, 
a  thin  film  of  oxide  of  iron  is  apt  to  form  in  some  cases  on  the  gold, 
which  has  then  no  tendency  to  combine  with  mercury.  Gold  in  this 
condition,  whether  naturally  or  induced  artificially,  is  spoken  of  as  t'tisty 
gold.  Chloridising  roasting  will  remove  this  film,  the  oxide  of  iron 
being  converted  into  a  volatile  chloride.  Fuchs  obtained  such  films 
by  heating  gold  leaf  with  pure  oxide  of  iron,  and  inferred  from  this 
that  the  oxide  of  iron  combines  with  gold  in  a  manner  similar  to  tin 
oxide  in  the  "  Purple  of  Cassius  "  precipitate.  Films  are  also  formed 
in  the  case  of  ores  containing  galena  and  zinc  blende,  and  when  ores 
containing  sulphur  and  arsenic  or  antimony  are  roasted ;  furthermore, 
gold  loses  its  power  of  amalgamating  when  exposed  to  hydrogen  or 
ammonium  sulphides  or  to  the  vapours  of  sulphur. 

A  distinction  may  be  made  between  the  amalgamation  of  gold- 
bearing  material  which  does  not  require  crushing,  and  of  material 
that  requires  it.  The  crushing  may  be  simultaneous  with  the  amal- 
gamation, or  may  precede  it.  In  either  case  the  ore  may  be  amal- 
gamated without  previous  concentration,  during  concentration  or 
after  concentration. 


Amalgamation,  without  Previous  Crushinq,  of  the 

Gold-Bearing  Material 

(a)  without  previous  concentration 

This  form  of  amalgamation  was  and  is  carried  on  upon  a  very 
vast  scale  in  California,  where  it  is  combined  with  hydraulic  mining, 
a  development  of  the  sluicing  already  described. 

The  gold-bearing  gravels  are  washed  down  by  powerful  streams 
of  water  under  high  pressure,  and  carried  by  the  currents  of  water 
into  long  sluices,  where  they  are  brought  into  contact  with  mercury. 
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The  water  is  collected  in  huge  reservoirs,  ponds,  lakes,  dams,  &c. ; 
it  is  then  brought  by  means  of  ditches,  flumes  or  pipes  to  the  point 
where  it  is  to  be  utilised ;  such  ditch-lines  are  at  times  over  100 
miles  in  length.  These  convey  the  water  to  head  boxes,  whence  iron 
pipes,  made  of  sheet-iron,  about  30  inches  in  diameter,  convey  it 
down  to  distributing  boxes,  from  which  separate  sheet-iron  pipes 
distribute  it  to  the  various  parts  of  the  mine.  These  pipes  terminate 
in  cast-iron  nozzles,  known  as  monUoi^s  or  ^m7i/5,  movable  horizontally 
and  vertically  by  means  of  ball  and  socket  joints,  so  that  the  stream 
may  be  turned  in  any  desired  direction,  the  movement  being  pro- 
duced by  the  force  of  the  water  itself  by  means  of  a  short  piece  of 
pipe  projecting  over  the  nozzle,  known  as  the  deflector.  The  stream 
of  water  is  from  4  to  11  inches  in  diameter,  under  a  head  of  250  to 
500  feet,  and  is  directed  against  the  banks  of  gravel  from  a  distance 
of  160  to  200  feet,  more  or  less,  according  chiefly  to  the  height  of 
the  bank.  An  idea  of  hydraulic  mining  (full  descriptions  and  details 
of  which  will  be  found  in  T.  Egleston's  The  Metallurgy  of  Silver,  Gold, 
and  Mercury,  1890,  vol.  ii.,  and  in  A.  J.  Bowie's  Practical  Hydraulic 
Mining,  1885)  may  be  gathered  from  Fig.  645. 

The  water  flows  through  the  pipe  i  into  the  distributing  box  v,  from 
the  latter  by  the  three  branches  w,  x  and  y  to  the  monitors  rf,  rf'  and 
d^\  each  worked  by  one  man,  by  which  it  is  projected  against  the 
face  of  the  gravel ;  the  construction  of  these  monitors  will  be  found 
fully  described  in  the  above  cited  works.  The  gravel  loosened  by  the 
water  is  carried  by  the  stream  of  water  through  the  ditches,  m,  m' 
and  m"  into  the  main  ditch  or  ground  sluice  z,  which  leads  them 
through  the  tunnel  B  into  the  sluice  G,  in  which,  and  in  the  under- 
current U  connected  with  it,  the  gold  is  amalgamated. 

The  sluices  are  made  of  planks  12  feet  long  and  I7  inches  thick, 
the  total  length  depending  on  the  nature  of  the  gravels,  and  having 
in  every  case  to  be  determined  experimentally  ;  it  may  vary  from  100 
yards  to  6J  miles  (Spring  Valley,  California).  The  length  of  most 
sluices  lies  between  400  and  1,600  yards,  the  width  between  3  feet 
and  6  feet,  and  the  depth  between  28  and  30  inches.  The  grade  of 
the  sluice  is  from  6  to  12  inches  to  the  12  foot  box.  For  ordinan* 
gravel  the  grade  is  usually  4  per  cent.,  for  very  clayey  or  very  coarse 
gravel  6  per  cent,  to  8  per  cent.  In  order  to  protect  the  sluice 
against  the  rough  boulders  of  the  gravel,  it  receives  a  bottom  lining 
and  a  side  lining.  The  bottom  lining  is  either  stone  or  block  pave- 
ment, iron  being  but  rarely  used ;  the  sides  are  lined  with  plank. 
The  arrangement  of  a  stone-paved  sluice  is  shown  in  Fig.  646 ;  ^  the 

'  Egleaton,  op.  cit.  p.  215. 
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iitunes  are  9  iacheit  to  12  inches  thick,  and  consist  of  rock  found  in 
the  neighbourhood  of  the  mine,  generally  basalt.  The  spaces  between 
them  are  filled  to  a  cei'tain  height  with  gravel.  Into  the  hollows 
remaining,  mercury  is  poured  to  collect  the  gold.  The  side  lining, 
which  is  also  shown  in  the  figure,  consists  of  a  lower  board  2  inches 


thick,  projecting  10  inches  to  15  inches  above  the  pavement,  and  a 
second  board  spiked  over  the  first,  6  to  8  inches  deep. 

Stone  pavement  is  far  more  durable  than  block  pavement,  but 
requires  more  water  and  a  steeper  grade  than  the  latter, 

A  sluice  paved  with  wood  blocks  is  shown  in  Fig.  647 ;  the  blocks 
are  6  to  12  inches  deep  and  12  to  18  inches  square  ;  they  are  ."et  in 
a  row  perpendicularly  across  the  length  of  the  sluice,  from  side  to 
side,  each  row  being  separated  from  the  next  by  a  siat  nailed  to  the 
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bottom  of  the  sluice ;  these  slats,  which  are  li  inches  thick  and  half 
the  height  of  the  blocks,  leave  grooves  between  each  row  of  blocks 
into  which  quicksilver  is  poured  to  collect  the  gold ;  z  is  the  side 
lining  of  the  sluice. 

Wood  pavement  has  the  disadvantage  that  it  is  rapidly  worn  out 
by  the  boulders  rolling  over  it,  and  only  lasts  a  short  time  ;  in  full 
work,  its  life  rarely  exceeds  3  months.  Moreover,  it  does  not  give  as 
much  free  space  for  the  mercury  as  the  stone  pavement. 

In  order  to  allow  the  finer  particles  of  gold  an  opportunity  of  settling, 
large  flat  wooden  boxes,  the  so-called  underciirrentSy  are  provided  at 
intervals.  These  are  square  or  rectangular,  and  about  15  inches  deep. 
As  their  area  is  from  2,000  to  8,000  square  feet,  the  water  current 
moves  very  slowly  in  them  and  the  fine  particles  of  gold  are  thereby 
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allowed  time  to  settle.     From  these  undercurrents,  the  stream  returns 
to  the  prolongation  of  the  main  sluice. 

The  construction  of  an  undercurrent  is  shown  in  Fig.  648.^  Tht' 
main  sluice  G,  has  a  grating  of  steel  bars  Z  which  there  replace 
the  usual  plank  bottom ;  through  this  the  finer  portions  drop, 
together  with  the  greater  part  of  the  water,  and  fall  into  the  steeply 
inclined  trough  ;/,  which  takes  them  into  the  undercurrent  W.  A 
row  of  wooden  blocks  near  the  head  of  the  undercurrent  serves  to 
distribute  the  stream  of  water  uniformly.  The  undercurrent  is  set  on 
a  grade  of  1  foot  in  12,  and  its  bottom  contains  grooves  or  riffles  of 
various  kinds,  like  the  main  sluice,  into  which  mercury  is  poured  t-) 
collect  the  gold.  At  the  lower  end  of  the  undercurrent  the  stream 
flows  out  at  U  and  falls  first  into  the  box  N,  known  as  the  drop  htv, 
and  thence  into  the  continuation  Z  of  the  main  sluice.  In  passing 
through  the  undercurrent  the  stream  deposits  the  greater  part  of  it> 

^  Eglestou,  op.  cil.  p.  223. 


gold  on  the  bottom,  whero  it  ia  retained   by  the  iii' 
riffles. 

The  larger  stones  that  cannot  drop  through  the  gral    i 
undercurrent,  are  carried  over  it  and  through  the  narrow 
a  portion  of  the  stream  on  to  the  "  grizzly  "  Q,  conaistir 
made  of  rails  inclined  at  30°,  the  rails  being  set  6  inche 
grizzly  lies  over  the  drop  box  and  projects  so  far  that    I 
the   latter   boulders    clear  over   it.     The    water  and    i 
pebbles  fall  through  the  spaces  of   the  grizzly,  into  1 
whert^  they  unite  with  the  stream  issuing  from  the  undi 
flow  into  the  prolongation  L  of  the  main  sluice.     The  lai 


over  the  grizzly  on  to  a  dump,  over  a  precipice  or  steep 
the  edge  of  which  the  grizzly  must  always  be  situated 
box  must  be  very  strongly  built,  and  paved  with  stones,  ' 
between  successive  undercurrents  and  grizzlies  deiK' 
contour  of  the  surface,  and  on  the  nature  and  quantity  o 
that  is  being  treated. 

At  the  Sailors'  Union  Mine,^  Iowa  Hill  Ridge,  1,C15 
barren  gravel  have  to  be  shifted  to  obtain  1  part  of  j 
North  Bloomfield  Mine,  1  part  of  gold  only  was  obi 
12,107,116  parts  of  barren  gravel. 

'  Prodiielion  of  Gold  and  Siictr  in  Ihe  U.S.  1882,  p.  730 
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Mercury  is  introduced,  in  the  finest  possible  state  of  division, 
generally  through  a  vessel  with  a  perforated  bottom,  at  the  upper  end 
of  the  main  sluice,  and  is  retained  in  the  riffles.  Generally,  about  I 
cwt.  is  added  daily  in  several  lots.  In  a  sluice  about  5,000  feet  long 
there  will  be  at  one  time  some  5  to  6  cwts.  of  mercury,  and  some  of 
the  largest  sluices  may  contain  2  to  3  tons.  The  gold  amalgam  is 
removed  from  the  upper  part  of  the  sluice  once  or  twice  a  month, 
and  from  the  remainder  at  longer  intervals  of  6  weeks  to  6  months. 
A  general  clean-up  of  the  entire  sluice  takes  place  yearly.  To 
collect  the  amalgam,  the  paving  is  taken  up,  working  from  above 
downwards ;  a  section  of  the  sluice  is  closed  by  means  of  a  crosspiece, 
mercury  is  poured  in  to  collect  the  amalgam,  and  after  it  has  taken 
up  the  latter  it  is  scooped  up  by  means  of  scoops  into  mercury 
buckets. 

The  greater  part  of  tjie  amalgam  collects  in  the  upper  part  of 
the  main  sluice,  and  an  important  quantity  also  in  the  undercurrents. 
About  80  per  cent,  of  the  total  gold  obtained  is  got  from  the  firet  70 
yards  of  the  sluice. 

The  amalgam  is  first  washed  with  water  and  then  stirred  with 
mercury.  The  gold  amalgam  sinks  to  the  bottom,  whilst  the  base 
metals  come  to  the  surface  of  the  mercury ;  the  upper  part  of  the 
bath  is  ladled  off,  and  the  lower  part  stirred  with  fresh  mercury.  The 
scum  that  rises  to  the  surface  is  removed,  and  the  residual  amalgam 
is  filtered  like  silver  amalgam  through  a  canvas  bag  to  remove  the 
excess  of  mercury.  It  is  then  boiled  up  with  dilute  sulphuric  acid  U) 
remove  any  other  impurities,  and  finally  retorted. 

The  skimmings  fix>m  the  quicksilver  are  treated  with  nitric  acid, 
to  remove  the  base  metals,  washed,  filtered,  and  then  treated  further 
with  the  amalgam. 

The  loss  of  gold  cannot  be  given  exactly,  because  the  richness  i»f 
the  gravels  cannot  be  ascertained  accurately.  In  the  Gold  Riu^r 
district.  Placer  County,  the  output  per  cubic  yard  ^  of  gravel  was  taken 
at  475  cents  of  a  dollar ;  at  French  Corral,  Nevada  County,  at  1.^ 
cents  in  the  upper  gravels,  and  $3*50  in  the  lower.  At  Spring  Valley 
Mine,  the  produce  of  the  best  portions  of  the  gravel  was  between  $1 
and  $8  per  cubic  yard.  It  is  generally  assumed  that  the  loss  of  gold 
is  between  15  per  cent,  and  50  per  cent. 

The  loss  of  mercury,  according  to  Egleston,-  is  between  10  per 
cent,  and  37*5  per  cent,  of  the  total  quantity  employed ;  it  l< 
generally  10  per  cent,  to  15  per  cent. 

*  The  average  weight  of  a  cubic  yard  of  gravel  is  1}  to  1}  tons. 
»  Op,  cit.  p.  271. 
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The  extraction  of  gold  by  hydraulic  mining  has  caused  the 
transferor  enormous  ma^sses  of  tailings  in  the  form  of  sand  and  gravel 
washed  down  from  the  banks,  from  the  higher  levels  into  the  streams 
and  rivers  of  the  lowlands  of  California,  whereby  the  beds  of  the 
rivers  were  filled  up  and  their  bottoms  raised,  so  that  the  fertile  low- 
lying  flat  lands  were  inundated,  and  in  some  instances  buried  under 
masses  of  these  barren  sands.  In  consequence  of  a  series  of  lawsuits 
brought  by  the  farming  industries  against  the  miners,  hydraulic 
mining  was  finally,  about  1884,  prohibited  by  the  courts  in  most  of 
the  important  hydraulic  mining  districts  in  California.  Since  1889, 
however,  it  has  been  resumed  wherever  agricultural  or  marine  inter- 
ests are  not  effected  by  it. 

Dredging  the  bottoms  of  streams  and  bars  for  gold-bearing 
gravel  and  sand  was  introduced  at  Clutha  River  in  New  Zealand  in 
1864,  and  has  since  (1881)  been  carried  on  in  Australia,  California, 
Columbia,  and  Siberia.  For  an  account  of  gold-dredging  in  the 
States,  see  A.  Grothe,  The  Mineral  Industry,  1900,  p.  326. 


(h)   AMALGAMATION   WITH   PREVIOUS   CONCENTRATION   OF   THE  GOLD 

CONTENTS 

This  method  of  amalgamation  is  employed  for  gold-sands  that  have 
been  enriched  by  concentration ;  it  is  performed  in  the  same  manner 
as  the  amalgamation  of  crushed  and  concentrated  ores,  to  be  presently 
described. 


AMALGAMATION  OF  ARTIFICIALLY  CRUSHED  GOLD-BEARING  MATERIAL 

This  method  of  amalgamation  is  always  employed  for  reef-gold, 
and  in  some  cases  for  firmly  coherent,  cemented  masses  of  gold- 
bearing  gravels,  known  as  cement.  It  is  better  practised  before  con- 
centration of  the  gold  contents  than  after,  because  a  considerable 
portion  is  always  lost  in  the  dressing  operations.  In  many  cases,  e.g. 
in  ores  that  contain  both  free  gold  and  gold  enveloped  in  pyrites,  the 
free  gold  is  first  amalgamated,  then  the  pyrites  or  sulphurets  are  con- 
centrated by  dressing,  and  either  amalgamated  after  being  calcined,  or 
chlorinated  (at  times  treated  by  cyanidation),  or  smelted  with  lead- 
bearing  materials  in  the  dry  way.  Amalgamation  takes  place  either 
during  the  crushing  of  the  ore  and  in  combination  therewith,  or  imme- 
diately after  it,  for  getting  such  gold  as  has  not  already  been  extracted, 
or  else  after  the  crushing  has  been  completed. 
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AMALGAMATION,  PARTLY  DURING,  PARTLY  AFTER  CRUSHING 

This  form  of  amalgamation  may  be  effected  in  mortttrs  on  a  small 
scale,  and  on  a  larger  scale  in  arrastras,  mills  of  various  kinds,  and 
most  frequently  in  stamp  mills.  By  the  latter  method  the  gold  is 
extracted  rapidly,  but  it  is  apt  to  entail  losses  of  gold.  Naturally. 
only  such  gold  as  is  free  (/ree  milling  gold)  is  extracted,  and  not  any 
that  may  be  contained  in  pyrites  or  other  sulphurets. 


A  rrastra-Amalgamatixm 

The  arrastra,  which  has  already  been  described  under  Silver,  is 
used  in  the  United  States  (Arizona,  California,  Oregon,  Montana. 
Idaho,  Colorado)  in  smaller  establishments  that  work  upon  ores 
carrying  only  free  gold  or  gold  alloyed  with  silver. 

The  ore  is  first  broken  small  in  rock-breakers,  stamps,  or  Chilijin 
mills,  and  then  charged  into  the  arrastra ;  the  size  of  the  fragment^ 
varies  from  dust  to  pieces  as  big  as  a  pigeon's  Q^g,  According  to  tht 
size  of  the  arrastra  the  charge  may  be  6  to  10  cwts,,  together  with 
sufficient  water  to  form  a  stiff  paste.  After  the  ore  has  been  ground 
for  a  while,  mercury  is  added,  its  quantity  varying  with  the  quantity 
of  precious  metals  present;  it  maybe  1  to  IJ  cwts.,  or  for  richer  oi\»> 
2  to  2  J  cwts.  If  the  ores  contain  much  silver,  the  amalgam  is  kept 
extremely  fluid,  as  much  as  1  lb.  of  mercury  being  charged  for  each 
ounce  of  silver  present.  Of  chemicals,  cyanide  of  potassium  and 
wood  ashes  may  be  used  to  keep  the  mercury  bright.  The  time  of 
working  a  charge  is  6  to  10  hours,  according  to  the  size  of  the 
pieces  of  ore  charged.  An  arrastra  12  feet  in  diameter,  with  heavy 
stones  making  15  revolutions  per  minute,  and  with  exceptionally 
heavy  charges  (2  tons),  can  treat  4  tons  in  24  hours. 

After  the  amalgamation  is  complete  the  entire  contents  areeithvr 
run  into  a  settler,  in  which  the  amalgam  is  separated  from  the  tail- 
ings as  described  under  Silver,  or  else  the  tailings  are  sluiced  out  ^^i 
the  arrastra  whilst  the  amalgam  is  collected  in  it.  The  amalgam  i> 
filtered  through  canvas  bags  and  then  retorted.  The  tailings  are 
either  streamed  over  amalgamated  copper  plates,  treated  further  ic 
pans,  or  run  to  waste. 

By  treating  ore  once  in  the  arrastra,  up  to  70  per  cent,  of  the 
gold  contents  and  75  to  80  per  cent,  of  the  silver  contents  may  K 
extracted.  An  exceptionally  high  yield  of  83  per  cent,  has  been 
obtained  at  the  Pestarena  Mine  in  Val  Anzasca,  Italy. 


944  METALLURGY 

connected  to  the  vertical  shaft  G^  and  turning  with  it.  From  the 
ring  plate  J?,  three  stamps  Z>,  with  steel  shoes  E,  capable  of  rotating 
each  on  its  spindle,  are  so  suspended  that  the  bottom  of  the  shoe  is 
1  inch  above  the  bottom  of  the  pan,  and  that  stamp  and  shoe  are 
capable  of  swinging.  When  the  vertical  shaft  G  is  rotated,  stamps 
and  shoes  are  carried  round  with  it.  Some  distance  above  the 
bottom  of  the  pan  is  a  circular  sieve,  made  in  several  sections, 
against  which  the  pulverised  ore  is  thrown,  and  through  which  it 
escapes  when  crushed  fine  enough.  Outside  this  circular  sieve  is 
a  ring-shaped  gutter  r,  through  which  the  escaping  pulp  flows  off. 
The  ore  is  fed  in  through  the  hopper  A  with  the  necessary  quantity 
of  water  and  mercury ;  by  the  rotation  of  the  stamps  the  ore  is 
thrown  against  the  sides  of  the  pan  by  centrifugal  force,  as  well 
as  by  the  action  of  the  scrapers  F,  and  hiere  it  is  crushed  by  means 
of  the  steel  shoes  against  the  hard  die-ring  C.  By  the  oscillating 
movement  of  the  shoes,  the  crushed  ore  is  pushed  forward  slowly  and 
brought  into  intimate  contact  with  the  mercury  on  the  bottom  of 
the  mill.  The  scnapers  F  prevent  any  accumulation  of  ore  in  the 
mill.  The  crushed  ore  is  thrown  by  the  movement  of  the  shoes  against 
the  screen,  through  which  it  escapes  when  sufficiently  comminuted. 
On  this  account  it  is  impossible  to  amalgamate  the  whole  of  the  gold 
inside  the  mill,  and  the  pulp  is  run  over  amalgamated  copper  plates 
to  amalgamate  the  rest  of  the  gold. 

The  arrangement  of  a  gold  mill  with  amalgamated  copper  plates 
and  Frue  vanners  for  concentrating  the  sulphurets  in  the  pulp  is 
shown  in  Figs.  650  and  651. 

The  ore  broken  in  a  rock -breaker  is  delivered  to  the  automatic 
feeder  a,  and  thence  to  the  mill  6.  The  pulp  escaping  from  the 
latter  passes  over  the  four  amalgamated  copper  plates  c,  rf,  e,  /, 
arranged  one  below  the  other,  upon  which  the  remainder  of  the  gold 
is  caught,  and  finally  to  the  Frue  vanners  g  for  the  concentration  of 
the  sulphurets. 

Huntington  mills  are  in  use  in  California,  Oregon,  Alaska,  Idaho 
Montana,  Utah,  Colorado,  Arizona,  New  Mexico,  Central  America. 
South  America,  and  also  in  Australia.  They  have  recently  been 
introduced  into  Kremnitz,  in  Hungary.  They  require  comparatively 
little  power  for  working  them — 4  h.p.  for  treating  12  tons  per  day. 
6  h.p.  for  20  tons,  and  8  h.p.  for  30  tons;  their  diameter  varies 
between  3  feet  6  inches  and  6  feet. 

At  Spanish  Mine,  Nevada  County,  California,^  gold  ore  consisting 
of  decomposed  slate,  clay,  and  quartz,  with  only  60  cents  of  gold  t<> 

^  EglestoD,  op.  cit.  p.  417. 
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from  the  latter  run  to  waste ;  the  loss  of  mercury  amounts  to  1  ounce 
to  each  15  to  20  tons  of  ore. 

At  the  Kremnitz  United  Caroli-  and  Stadt-Mines,  near  Kremnitz, 
in  Hungary,  gold  quartz  with  3  per  cent,  of  pyrites,  4  dwts.  14  grs. 
to  5  dwts.  5  grs.  of  gold,  and  13  dwts.  2  gra.  of  silver  to  the  ton  is 
being  worked. 

The  ores  are  broken  in  Blake  and  Dodge  rock-breakers,  having  a 
capacity  of  3  to  5  tons  per  hour,  down  to  pieces  2  inches  cube,  and  are 
then  fed  into  the  Huntington  mill  by  means  of  a  Tulloch  ore-feeder. 
This  mill,  at  70  revolutions  per  minute,  absorbs  8  h.p.  and  treats 
12  tons  of  ore  in  24  hours,  the  screens  having  slots  001 2  inch  wide. 
Together  with  the  requisite  water  the  mill  holds  20  lbs.  of  mercun', 
77  grains  of  mercury  being  also  added  every  10  minutes.  The 
escaping  pulp  runs  over  4  amalgamated  copper  plates  on  to  Fnie 
vanners,  of  which  there  are  two  for  each  mill.  The  head  plate  of 
these  Frue  vanners  consists  of  an  amalgamated  copper  plate ;  each 
vanner  absorbs  ^  h.p.  On  these  the  auriferous  pyrites  are  collected; 
the  escaping  tailings  are  still  further  treated  on  buddies.  The 
auriferous  pyrites  collected  by  these  dressing  operations  contains 
19  dwts.  14  grs.  of  gold  and  1  oz.  19  dwts.  5  grs.  of  silver  to  the  ton, 
and  is  smelted  with  lead  at  the  Schemnitz  Works. 

The  gold  amalgam  is  cleaned  out  from  the  mill  every  month, 
whilst  the  copper  plates  are  cleaned  up  every  other  day.  The 
amalgam  is  retorted  in  bell-retorts,  to  be  subsequently  described. 

The  yield  of  gold  in  amalgam  and  concentrates  is  equal  to  70  per 
cent,  of  that  in  the  ore.  The  loss  of  mercury  is  J  oz.  to  the  ton  of 
ore.  The  steel  ring- die  in  the  mill  lasts  3  months,  the  rings  of  the 
stamp-heads  6  weeks. 

A  recent  mill  provided  with  a  mercury  reservoir  is  the  Crawford 
mill.  Its  construction  is  shown  in  Fig.  652.^  The  ore  passes  through 
the  hopper  Si  on  to  the  rotating  table  ^,  and  thence  between  thf 
iron  balls  &,  that  rub  it  to  powder.  The  latter  passes  through  the  oikti- 
ings  s)L  into  the  receiver  @,  filled  with  mercury,  in  which  the  fm* 
gold  is  retained,  whilst  the  ore  freed  from  its  gold  re-enters  the  mill 
by  one  of  the  openings  s)t  by  the  aid  of  a  current  of  water  fnmi 
below,  thence  passes  through  the  annular  space  S,  overflows  at  its 
upper  end,  and  escapes  by  the  shoot  ®.  At  100  revolutions  pr 
minute  of  the  revolving  table,  the  mill  is  said  to  treat  8  to  12  tons 
of  ore  in  24  hours  according  to  the  character  of  the  ore ;  this  al8J> 
regulates  its  yield,  which  is  said  to  be  65  to  98  per  cent,  of  the  gi>ld 

'  Diirre,  Ztitschr.  d.  VereiiiM  df.nlscher  Ing.  1893,  p.  902,     Ameriain  Mttathrj^ 
at  the  World' K  Fair  in  Chicago,  1893. 
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contents.  Results  obtained  in  actual  practice  are  not  known  to  the 
a\ithor.  The  statement  was  made  in  a  paper  publiHhed  at  Salt  Lake 
City,  Utah,  that  three  Crawford  mills  treated  daily  for  five  months 
20  tons  of  ore,  with  a  yield  of  90  per  cent,  of  gold.^ 

Pans  like  those  described  in  the  chapter  on  Silver  are  but  seldom 
used  for  the  amalgamation  of  pure  gold  ores,  for  these  ores  must  be 
first  brought  down  to  the  requisite  sine  by  other  means. 


Stamp-Still  Amalgamation 

Stamp-mill  amalgamation  consists  in  crushing  the  gold-bearing 
ore  in  a  stamp  mill,  and  in  feeding  mercury  in  small  quantities  into 
the  mortar  of  the  stamp  mill  whilst  the  crushing  is  going  cm.  By 
regulating  the  water  supply  and  by  increasing  the  height  of  the  level 
of  discharge  above  the  dies  in  the  mortar,  the  mercury  is  kept 
distributed  throughout  the  ore  pulp  ;  by  the  fall  of  the  stamps  it  is 
bi'ought  into  intimate  contact  with  the  paiiicles  of  ore,  and  forms 
with  the  gold  an  amalgam  that  settles  in  the  comers  of  the  mortar 
'  T.  K.  Rose,  op.  cil.  p.  154. 
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and  between  the  dies.  The  formation  of  amalgam  is  further  promoted 
by  attaching  amalgamated  copper  plates  to  the  inner  sides  of  the 
mortar,  on  which  amalgam  and  free  gold  collect;  in  this  ease  the  free 
gold  is  amalgamated  by  the  mercury  on  these  copper  plates. 

As,  however,  all  the  gold  is  not  amalgamated  inside  the  mortar, 
the  pnip  that  issues  is  streamed  over  amalgamated  plates  to  collect 
the  gold  not  yet  amalgamated,  as  well  as  the  escaping  mercury  and 
amalgam.  Mercury  that  has  been  rubbed  on  metal  plates,  especially 
on  plates  of  copper,  silver,  and  silvered  or  gilt  copper  plates,  has  the 
property  of  retaining  the  gold   that  comes  in  contact   with   thes.' 


plates,  and  of  forming  gold  amalgam,  which  adheres  to  the  plates  in 
scaly  or  dendritic  form.  The  amalgamating  power  of  these  platw  is 
increased  by  nibbing  them  with  sodium  amalgam. 

Gold  envelopetl  in  sulphurcts  [e.g.  iron  or  arsenical  pjTJl'- 
escapes  amalgamation.  Accordingly,  when  the  ores  contain  aurifenni'' 
sulphurets  {e.j.  1  to  6  per  cent.  inCaiifomia,and  still  more  in  Coloradnl, 
the  pulp,  after  flowing  over  the  amalgamated  tables,  nms  thmngh 
strakes,  lined  with  amalgamated  copper  plates,  on  to  conceDtratinjr 
machines,  generally  Frue  vanneii*,  by  means  of  which  the  sulphun-i-' 
are  obtained  in  the  form  of  concentrates.  These  concentrates  ap' 
either  treated  by  smelting,  or  are  submitted  to  cyanidation,  or  aft^r 


calcining   to  chloiination,   or   more  rarely  are    amalgamated    after 
being  calcined. 

Stamp-mill  amalgamation  was  first  practised  in  California,  and 
has  spread  thence  over  the  whole  world. 

The  general  arrangement  of  these  stamp  mills, known  as  Califomian 
stamp  miiis,  is  much  the  same  as  that  of  silver  mills,  differing  but  in 
details.^  The  construction  and  arrangement  of  rock-breakers  is  the 
same  for  gold  as  for  silver  orea. 

Automatic  feeding  should  always  be  employed,  as  it  incieases  the 
capacity  of  the  mil!  by  20  to  25 
per  cent.,  as  compared  with  hand  feed- 
ing. The  Tulloch  feeder  is  largely 
used ;  one  of  these  feeders  serves  five 
stitnips. 

The  mortars  are  broader  than  those 
used  in  silver-milling,  so  as  to  be  able 
to  accommodate  the  amalgamated 
copper  plates.  The  screen  through 
which  the  pulp  escapes  is  usually  on  one 
side  only :  the  amalgamated  copper 
plates  are  either  at  the  front  and  back 
of  the  mortar  or  at  the  iront  only.  They 
are  but  rarely  applied  to  the  ends. 
Fig.  653  shows  the  arrangement  of  a 
mortar  with  front  and  back  plates  ;  a 
is  the  feed  shoot,  h  the  screen,  c  a 
canvas  curtain  against  which  the  issu- 
ing ore  splashes,  A  the  stamp.  The 
amalgamated  copper  plates  are  at- 
tached at  d  and  e ;  that  at  d  by  means  j.,o_  ^^ 
of  screws,  whilst  that  at  c  is  attached 

to  a  block  of  wood,  the  so-called  chock-block  that  slips  down  under- 
neath the  screen  frame,  and  can  be  lifted  out. 

Fig.  654  shows  a  section  of  a  mortar  with  an  amalgamated  plate 
attached  to  the  front  side  only,  which  is  fastened  at  e  immediately 
below  the  screen  frame.  Mortars  of  this  type  are  used  for  ores  that 
contain  base  metals  and  require  very  fine  crushing  for  the  sake  of  sub- 
sequent concentration.  In  the  mortar  shown  in  Fig.  655,  the  chock- 
block  is  shown  at  i  with  the  copper  plate  k  sci-ewed  to  it  with  iron 
screws.  G  is  the  screen,  the  screen  aperture  o  being  4  feet  long  and  22 
inches  high. 
'  See  A  Handbook  of  Gold  Milling,  by  U.  Louis,  [or  a.  description  of  these  deUils. 
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The  water  is  always  admitted  into  the  mortar  box  from  above. 
The  width  of  the  mortar  at  the  discharge  level  is  10  inches  to  14 
inches,  the  lower  figure  being  taken  for  easily  crushed  ores,  the  higher 
for  very  hard  ones.     A  good  mortar  box  will  last  4  to  6  years. 

For  screens,  perforated  sheet  iron  or  galvanised  copper  or  woven 
wire  screens  are  employed,  sheet  iron  ^V  ^^^^  thick  and  weighing  lib. 
to  the  square  foot  being  the  most  popular  material.  The  apertures  in 
the  sheets  are  either  round  holes  or  vertical,  inclined  or  horizontal 
slots ;  these  slots  are  generally  0*25  to  0*5  inch  long  and  the  diameter 
of  the  holes  varies  from  ^V  ^^  iV  ii^ch,  being  generally  from  ^^  to  J^ 
inch.  In  the  United  States  the  slots  are  0*5  inch  long  and  0*02  to 
003  inch  wide ;  when  inclined  at  30°  to  the  vertical  12  to  12*5  go  to 
the  inch,  or  12  when  horizontal  or  vertical.  The  metal  lasts  from  a 
fortnight  to  six  weeks,  or  generally  for  the  screening  of  400  tons  of 
quartz.  Copper  may  replace  iron  as  screen  material  when  the  battery 
water  is  acid.  Wire  screens  have  30  to  40  meshes  to  the  linear 
inch,  and  may  be  made  of  iron,  steel,  brass,  or  copper  wire.  Screens 
are  set  in  wooden,  or  more  recently  in  iron,  screen  frames  and 
placed  so  as  to  slope  outwards  at  angles  of  about  10°.  The  distance 
between  the  lower  edge  of  the  screen  and  the  top  of  the  die 
(known  as  the  depth  of  discharge)  should  be  8  to  10  inches. 

Wire  screens  generally  last  a  fortnight. 

Stamps  generally  weigh  650  to  900  lbs. ;  recent  stamps  in  use  in  the 
Transvaal  weigh  1320  lbs.  The  number  of  stamps  to  a  mortar  is 
usually  5,  and  the  order  of  falling  is  generally  1,  4,  2,  5,  3.  The 
height  of  drop  varies  between  4  inches  and  18  inches  ;  in  California 
it  averages  8  inches.  The  number  of  drops  per  minute  is  between  30 
and  over  100.  The  crushing  capacity  of  a  stamp  is  between  1  j^nd 
5  tons  per  24  hours.  The  consumption  of  water  to  a  ton  of  oBe.. 
given  as  between  500  and  1,000  gallons. 

Mercury  is  fed  into  the  mortar  box  at  intervals  of  i  hour  to  ^ 
hour.  Its  quantity  is  so  calculated  that  the  gold-amalgam  is  plastic, 
as  it  adheres  best  to  the  amalgamated  plates  in  this  condition.  If  it 
is  fluid  it  does  not  adhere  to  the  plates.  Each  5  stamp  batten^ 
requires  i  to  ^  lb.  of  mercury  in  24  hours. 

According  to  the  richness  of  the  ore  the  amalgam  is  cleaned  off 
the  plates  at  intervals  varying  from  a  few  days  to  a  fortnight 

Of  the  whole  of  the  gold  caught  as  amalgam,  i  to  |  is  savetl 
inside  the  mortar  box,  the  rest  on  the  amalgamated  copper  tabk-s. 
The  amalgam  contains  but  small  quantities  of  lead  and  copper. 

The  loss  of  mercury  is  small,  amounting,  according  to  T.  K.  Rtise, 
to  ^  to  1  ounce,  on  the  average  \  an  ounce  per  ton  of  ore. 

The  escaping  pulp  flows  on  to  amalgamated  plates,  the  upper- 
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off,  the  plates  are  rubbed  up  with  a  solution  of  cjaoide  of  potassium, 
and  then  with  a  little  mercury. 

The  amalgam  thus  obtained  is  freed  from  grains  of  sand,  pjrrites, 
iron,  and  other  impurities,  by  kneading  it  with  mercury  and  water  in 
pans,  mortars,  drums,  or  clean-up  pans  (as  described  under  silver)  or 
in  large  machine-driven  bateas.^  The  pure  amalgam  is  then  freed 
from  excess  of  mercury  by  squeezing  it  through  linen  or  wash-leather 
bags.  At  Plumas  Eureka  MilP  700  lbs.  of  amalgam  and  20  lbs.  ol 
mercury  are  mixed  in  a  revolving  barrel,  made  of  iron,  3  feet  in 
diameter  and  4  feet  long,  which  makes  20  revolutions  per  minute.    A 
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dozen  or  more  pieces  of  iron  are  put  into  the  barrel,  which  is  fille<l 
up  with  water  and  then  revolved  from  6  to  12  hours.  The  iron  helps 
to  mix  the  amalgam  and  mercury,  but  as  it  causes  some  loss  by 
flouring,  it  is  omitted  with  advantage  in  most  Australian  mills.  The 
barrel  is  then  opened  and  washed  out  with  water,  the  tailings  being 
run  over  amalgamated  plates  to  catch  any  mercury  which  may  be 
carried  along. 

^  H.  Louis,  ojK  cif.  p.  377. 


XI.  i^iiiis,  irjf.  rit.  p.  o 

'^  T.  K.  Rose,  o;>.  cit.  p. 
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The  arrangement  of  a  mill  without  concentrators  is  shown  in 
Figs.  65fi  and  (i57,  which  represents  the  120  head  Highland  Mill 
in  Dakota,  built  by  Messrs.  Fraser  and  Chalmers,  Limited,  of  Chicago. 

The  ore  is  dumped  on  to  the  grizzlies  r ;  the  larger  lumps  that  do 
Dot  pass  through  drop  down  to  the  rock -breakers  b,  whilst  all  that 
goes  through  falls  into  the  hoppers  and  thence  to  the  ore-feeders  /, 
which  feed  it  into  the  stamp  mill.  The  escaping  pulp  flows  over  the 
amalgamated  copper  tables  a,  and  thence  through  the  sluices  /',  lined 


with  copper  plates,  into  eUiicos  with  transverse  riffles  to  catch  the 
remaining  particles  of  mercury  and  amalgam. 

The  arningoment  of  a  stamp  luill  with  Fnio  vanners  for  concen- 
trating sulphurets  is  represented  by  the  sixty  head  Montana  Mill 
at  Marysville,  Montana,  also  constructed  by  Messrs.  Fraser  aod 
Chalmers,  Limited,  and  shown  in  Figs.  658  and  GSy.  The  cmshc'd 
ore  fli>ws  out  of  the  stamp  mill  over  the  amalgamated  electro  silvenxl 
copper  t;ibles  u,  thtnce  through  the  sluices  g  lined  with  copper  plates 
on  to  the  Fnie  vannei's  I'and  F . 

The  amalgam  is  kuoaded  into  balls  and  retorted  ;  it  is  only  worked 
up  with  mercury  when  it  contains  particles  of  iron  and  sulphureLs. 

The   power   required    for   a   10   head   mill  of   750   lbs.  stamps 
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According  to  Egleston,  experiments  have  shown  that  the  average 
yield  of  gold  by  stamp  mill  amalgamation  is  70  per  cent.  He  holds 
that  stamp  mill  amalgamation  is  an  imperfect  process  and  that 
grinding  deserves  the  preference  before  stamping,  citing  the  fact 
that  the  extraction  of  gold  in  the  arrastra  is  greater  than  in  the 
stamp  mill. 

According  to  Rose  (op.  cit,  p.  188)  the  average  yield  in  California 
at  present  is  85  per  cent.,  and  the  yield  only  falls  below  this  figure  in 
old  works  and  where  the  ores  are  very  refractory. 

Stamp  mill  amalgamation  is  practised  in  California,  Nevada, 
Colorado,  Montana,  Dakota,  Alaska,  in  Australia,  New  Zealand,  in 
Siebenbiirgen,  and  in  the  Transvaal. 

A  few  examples  may  be  quoted. 

The  Homestake  mill  in  Dakota  ^  treats  quartzose  and  pyritic  ores, 
from  which  $4  to  $5  per  ton  is  extracted,  whilst  the  tailings  retain 
$025  with  oxidised  and  $2*50  to  $6  with  pyritic  ores.  The  Home- 
stake  has  2  mills,  one  with  120,  the  other  with  80  heads  of  stamps. 
The  ores  are  first  broken  by  rock-breakers  down  to  between  1^  inches 
and  IJ  inches  cube,  and  then  fed  into  the  mortars  by  means  of 
Challenge  feeders.  The  stamps  are  850  lbs.  in  weight ;  the  shoes 
are  made  of  cast-iron,  weigh  140  lbs.,  and  last  two  months.  The 
80stamp  mill  is  driven  by  a  190  h.p.  engine,  the  120-stamp  mill  by 
one  of  300  h.p.  The  number  of  drops  per  minute  is  80  to  82,  the 
height  of  drop  is  8*5  inches.  The  mortars  have  an  amalgamated 
inside  plate  along  the  front  side.  The  screens  have  8  diagonal  slots 
to  the  linear  inch,  each  slot  being  0*5  inch  long  by  002  inch  wide. 
Each  stamp  crushes  4  tons  in  24  hours.  Mercury  in  quantities  of  3 
to  6  lbs.  is  fed  into  the  mortar  box  every  6  hours.  Below  the  lip 
of  the  mortar  box  is  an  amalgamated  copper  plate  in  4  pieces,  10  feet 
long,  4  feet  6  inches  wide,  with  a  fall  of  2  feet.  Below  this  comes  a 
mercury  trap  in  three  compartments  for  catching  mercury.  Then 
follows  a  sluice  with  amalgamated  copper  plates  laid  along  the 
bottom,  14  feet  long,  2  feet  wide,  at  the  end  of  which  there  is 
another  mercury  trap.  Then  follows  a  sluice  50  feet  long  with  its 
mercury  trap,  from  which  the  tailings  run  to  waste.  The  mortar  is 
cleaned  up  twice  a  month,  the  plates  are  cleaned  up  every  morning,  and 
the  sluices  every  4  days.  The  yield  of  gold  is  said  to  be  70  |K^r 
cent. 

1  H.  O.   Hofinan.  Ooid  MilHiuj  in  tht  Black  Hilh,  A.I.M.E.,  February,   1889. 
Egleston,  op.  cit.  p.  459. 
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At  Providence  Mine,^  near  Nevada  City  in  California  ( 
5  per  cent,  to  6  per  cent,  of  sulphurets  are  treated, 
broken  in  rock-breakers,  stamped  in  mortars  with  inside  cop  » 
streamed  over  amalgamated  copper  tables,  and  finally  conce  I 
Frue  vanners  to  save  the  sulphurets.  From  the  vanners  tl  i 
run  to  waste.  The  stamps  are  750  lbs.  in  weight ;  the  si  : 
cast  iron  and  weigh  136  lbs.  They  make  93  to  96  drops  p  i 
the  height  of  drop  being  6  to  8  inches.  A  stamp  will  en  • 
in  24  hours.  The  sieves  have  20  meshes  to  the  linear  ii  ( 
amalgamated  copper  plates  are  of  the  full  width  of  the 
feet  long,  and  have  a  grade  of  If  inches  to  the  foot. 

Of  the  gold  got  as  amalgam,  20  per  cent,  is  saved  in  tl  ( 
and  80  per  cent,  on  the  plates. 

The  sulphurets  produced  on  the  Frue  vanners  only  (  ; 
per  cent,  of  sand.  Their  value  for  gold  is  $120,  for  silver  $'.  I 
are  submitted  to  a  chloridising  roasting,  and  then  chlorinat  i 
extraction  of  the  gold ;  the  residues  from  this  process  ai ; 
with  sodium  hyposulphite  to  extract  the  silver. 

At   the   Sierra    Buttes   Mine,    Sierra    County,  Califo]  i 
yielding  $7*53  in  free  gold  and  containing  |  per  cent,  of  g 
are  crushed  in  2  mills,  one  with  50  and  one  with  60  head  < 
The  60-head  mill  is  driven  by  a  Pelton  wheel  and  has  850  1 : 
The  shoes  are  of  steel,  weigh  176  lbs.,  and  last  100  days,  m 
dies  are  of  cast-iron  and  last  only  45  days.     The  stamps 
8-inch  drops  per  minute,  and  crush  2J  tons  per  head  per 
The  screens  have  20  to  30  meshes  to  the  linear  inch.     Tl 
has  inside  copper  plates  both  back  and  front. 

The  sluice  leading  from  the  mortar  and  lined  with  copji 
is  16  feet  long  and  14  inches  broad.  The  total  length  of  ] 
ated  plates  in  the  mill  is  240  feet.  From  the  plates  the  ore 
Frue  vanners  to  collect  the  sulphurets.  Of  the  free  gol: 
cent,  is  saved  in  the  mortar  and  20  per  cent,  on  the  plal 
sulphurets  are  worth  $80  to  $120  for  gold;  they  are  roji 
chlorinated. 

In  California,  the  costs  of  treatment  per  ton  arc  given  Jis 
a  mill  where  80  tons  of  ore  are  worked  daily  with  40  stam] 


*  Egleston,  o/>.  cit. 

'  The  poorest  ore  which  can  be  worked  with  profit  contains  2  to  5  civ 
per  ton.     (T.  K.  Rose. ) 


>» 
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I.     For  labour : 

At  the  stamp  mills     .    .  20i  cents. 

For  treating  amalgam, 
testing,  and  super- 
vision      2i 

IL  For  material : 

Cast-iron 7    to  10 

Quicksilver H  „     4 

Lubricants,  Screens,  Light- 
ing, etc 4     „     8      „ 

Total  .  .  35J  „  45  „  {Is,  6rf.  to  Is.  lOU) 
Other  costs,  not  included  in  this  table,  are  for  water  power  or 
steam  power;  when  the  latter  is  used,  the  cost  of  fuel,  and  11  cents, 
for  gi-ease  and  miscellaneous,  must  be  included,  as  also  the  cost  of 
chlorination,  and  interest  on  capital.  The  power  utilised  is  itemised 
as  follows : 

Stone  breakers 12  h.p. 

40  Stamps 66 

16  Concentrators 8 

8  Shaking  plates 2  J  „ 

1  Clean-up  pan 1^  „ 

1  Amalgam  purifier  and  batea      .    2  „ 

Total  .    .      92 

The  Treadwell  Mill  on  Douglas  Island,  Alaska,  at  present  the 
largest  mill  in  the  world,  with  240  heads,  is  treating  gold  quark 
carrying  J5  to  $6  per  ton  in  free  gold  together  with  sulphurets.  The 
stamps  are  arranged  in  two  rows,  120  in  each.  The  ores  are  broken 
first  in  Blake  rock-breakers,  of  which  there  are  6  to  each  120  head  of 
stamps.  The  stamps  weigh  900  lbs.,  the  shoes  alone  154  lbs.  ;  shoes 
and  dies  are  made  of  chrome  steel  and  last  250  days.  The  stamps 
make  90  eight-inch  drops  per  minute,  and  crush  2  J  tons  per  head 
per  24  hours.  The  screens  have  35  meshes  to  the  linear  inch. 
The  pulp  from  each  mortar  is  discharged  into  a  sluice  12  feet  long 
and  2  feet  wide,  in  which  there  are  three  amalgamated  copper  plates. 
From  this  sluice  they  enter  a  cross  sluice  with  a  mercury  trap,  and 
thence  pass  to  the  Frue  vanners  to  collect  the  sulphurets.  There 
are  2  vanners  to  every  mortar.  The  sulphurets  collected  by  this 
means  contain  gold  to  the  value  of  $80  to  $100  per  ton  ;  the  gold  is 
extracted  from  them  by  means  of  chlorine.  The  total  number  of 
men  employed  in  the  240  head  mill  is  30. 

In  the  Transvaal,  ores  averaging  155  dwts.  of  gold  per  ton  are 
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broken  in  Gates'  or  Blake-Marsden's  rock-breakers,  and  fe 
mortar  boxes  by  means  of  Challenge,  Tulloch,  or  Sandycr    I 
The   stamp  mills  '  are   partly  of  American  (Fraser  and 
and  partly  of  English  make  (Sandycroft).     The  English  r 
usually  4  feet  high,  4  feet  8  inches  long,  and  lOf  inches 
6  to  6i  inches  thick  at  the  bottom.     They  have  one  am    I 
plate  on  the  outlet  side.     The  American  mortars  are  11  ii 
with  2  amalgamated  plates  inclined  at  70°  to  80°  to  the 
The  screens  are  made  of  steel  wire  with  600  to  1,200  (ger   : 
to    1,200)  holes   to   the   square  inch,   i.e.,  30  to   35   to      i 
inch. 

The  stamps  weigh  700  to  950  lbs.  (1,050  lbs.  at  the  ( 
Estate  Mine),  the  drop  is  6  to  9  inches,  and  the  numbei 
85  to  95  a  minute.     The  shoes  are  9  inches  in  diameter  and  ; 
of  steel.     The  stamps  drop  in  the  order  1,  3,  5,  2,  4,  at  th 
made  mills,  but  some  prefer  the  orders  1,  4,  2,  5,  3,  and  '. 
From  100  to  200  gallons  of  water  (i.e.,  1,600  to  3,200  gallo  \ 
of  ore)  are  used  hourly  for  each  stamp.  At  Witwatersrand  th 
may  amount  to  3,500  gallons  per  ton.  Quicksilver  is  added  a 
of  a  few  minutes,  one  spoonful  being  used  up  in  2  hours, 
works  a  single  amalgamated  copper  plate,  8  to  10  feet  lon| 
5J  feet  wide,  or  several  arranged  stepwise,  in  conjuncti(  i 
mercury  trap,  are  placed  outside  the  mortars  for  the  pul 
over.     These  plates  slope  an  inch  or  two  per  foot  in  lengtl  , 
inclination  can  be  varied  by  screws  or  wooden  wedges.     Th( 
of  ore  crushed  is  3|  to  5  tons  per  head  in  24  hours. 

The  tailings  from  the  stamps .  are  dressed  on  Frue  var  i 
pyntic  concentrates  and  tailings ;  the  former  are  chlorin  i 
the  latter  are  subjected  to  the  cyanide  treatment.  Th( 
however,  only  results  in  a  partial  separation  of  slimes  I 
tailings,  and  thus  part  of  the  gold  escapes  extraction.  1 
practice  the  tailings  are  sorted  into  slimes  and  sands  by 
pointed  sizing  boxes  {Spitzkdsten).  Slimes  and  the  difFerci 
of  sand  are  treated  by  the  cyanide  process;  as  this  extract? 
of  the  gold  even  from  pyritic  sands,  the  concentration  and  ch  I 
of  sulphurets  has  been  rendered  unnecessary.  Plate  amal^ 
yields  60  per  cent,  of  the  gold  present  in  the  ores  at  a  cos 
3  to  5  shillings  a  ton.^ 

At  Vulkoy,  in  Siebenbiirgen,  Transylvania,  there  is  a  sti 
of  Californian  pattern  with  20  heads  in  4  mortars,  whi 
pyritic  gold  quartz  with  19  dwts.  14  grs.  of  gold  to  the  t 
inside  amalgamated  plates  are  at  the  front  side  of  the  battf 

^  Rose,  op.  cit.  p.  438. 
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screens  have  holes  002  inch  in  width.  The  escaping  pulp  runs 
over  amalgamated  copper  tables  13  feet  long  and  4  feet  7  inches 
wide,  on  to  Frue  vanners  where  the  sulphurets  are  concentrated. 
Mercury  is  fed  into  the  mortars  every  half  hour.  Amalgam  is  cleaned 
off  the  inside  plates  every  fortnight,  and  from  the  outside  plates  every 
morning ;  of  the  total  amount  got,  75  per  cent,  is  saved  inside  the 
mortar,  and  25  per  cent,  outside  it.  The  mill  is  worked  by  a  35  h.p. 
steam  engine,  of  which  26  h.p.  are  absorbed  by  the  stamps.  Two  men 
are  sufficient  to  work  the  entire  plant.  During  the  presence  of  the 
author  at  Vulkoy,  35  tons  of  ore  were  treated  daily  with  the  pro- 
duction of  25J  ounces  of  gold — or  gold  and  silver — ^amalgam.  The 
loss  of  mercury  was  with  the  richer  ores  1  part  by  weight  of  mercury 
to  1  of  gold  won,  with  the  poorer  ores  2  parts  of  mercury  to  1  of  gold- 
The  sulphurets  were  treated  in  the  dry  way  at  Zalathna. 

At  Brad  and  Kristior  in  Siebenbiirgen,  QuickmUls  (see  next  page) 
replace  the  amalgamated  plates.  Each  mortar  box  receives  44  lbs. 
of  quicksilver  per  month,  and  the  amount  of  this  lost  per  ton  of  ore 
is  about  J  oz.  in  winter  and  ^  oz.  in  summer.  The  pulp  escaping 
from  the  amalgamators  is  concentrated,  and  the  mixture  of  blende, 
galena,  copper  pjoites,  pyrargyrite,  and  fahl-ore  thus  obtained  is 
either  chlorinated  or  sold  to  the  smelting  works.  The  yield  of  gold 
by  amalgamation  is  up  to  80  per  cent,  (on  the  average  60  per  cent) ; 
85  per  cent,  of  the  amalgam  is  obtained  from  the  mortar  boxes,  12*5 
per  cent,  from  the  quichnills,  and  2'5  per  cent,  by  purification  of 
the  concentrates.  The  costs,  inclusive  of  working  concentrates  and 
amalgam,  varies  from  108  to  3  gulden  (say  25.  to  6«.)  per  ton  of  ore. 

AMALGAMATION    AFl'ER  PREVIOUS   CRUSHING    OF  THE    ORES 

The  amalgamation  of  ores  that  have  been  crushed,  generally  in 

stamp-mills,  more  rarely  in  arrastras,  is  effected  in  apparatus  of  the 

most  diversified  kinds ;  mortars,  barrels,  mills  (Hungarian  mills),  pans, 

amalgamated  plates  and  amalgamators  of  various  patterns  are  all 

employed. 

Amalgamation  in  mm'tars 

This  is  only  used  when  very  small  quantities  of  gold-bearing  ores 
or  concentrates  have  to  be  treated.  It  is  used,  for  example,  in  Sieben- 
biirgen in  the  neighbourhood  of  Abrudbanya,  Vorospatak,  Isbita  and 
Kerpenyes,  where  a  small  stamp  mill  and  huddle  are  to  be  found  in 
every  second  or  third  house.  The  gold-bearing  stone  is  stamped 
fine  and  washed  on  a  huddle  or  on  a  Sichertrog  (a  flat  tray,  usually  of 
wood,  that  locally  replaces  the  pan  and  batea),  till  it  is  sufficiently 
concentrated  for  amalgamation.     It  is  then  rubbed  up  with  mercuiy 
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in  small  iron  mortars  with  iron  pestles  till  a  plastic  paste  is  fori 
which  separate  drops  of  mercury  are  no  longer  visible. 

The  amalgam  produced  is  now  separated  from  the  particles 
and  the  free  mercury  by  washing ;  it  is  then  washed  several 
with  hot  water,  kneaded  and  made  up  into  little  lumps  of  abou 
weight,  each  of  which  is  then  wrapped  in  linen  and  squees 
remove  excess  of  mercury.  The  amalgam  thus  obtained  co 
40  per  cent,  to  65  per  cent,  of  gold. 

This  method  is  not  suitable  for  the  treatment  of  larger  quai 
of  ore  or  concentrates. 


Amalgamation  in  Rotating  Barrels 

This  method,  similar  to  that  described  under  silver,  is  bufc  i  i 
employed,  because  the  mercury  is  apt  to  be  floured  amongst  the  i 
quantity  of  barren  rock.  It  has  been  used  in  Brazil,  in  Spain,  \ 
in  Siberia. 

At  Morro  Velho  in  Brazil,^  ores  were  crushed  in  stamps  o 
old  Saxon  pattern,  with  square  heads  and  stems,  not  rotating, 
pulp   was   concentrated   on   blanket   strakes,   and    the   blanke 
amalgamated  in  barrels.     The  charge  was  17*7  cubic  feet  of  mat  i 
containing  about  52  ounces  of  gold,  and  was  treated  for  24  hours  i 
55  lbs.  of  mercury  in  revolving  barrels.     Gold-amalgam  contai  i 
50  per  cent,  of  gold  was  thus  produced,  the  loss  of  mercury  beinj 
of  the  weight  of  the  gold  got. 

In  Siberia,^  gold-bearing  sands  are  concentrated  and  amalgami  I 
the  ore  is  ground,  roasted  with  salt,  and  treated  in  revolving  ba 
with  mercury,  iron  filings,  and  sulphuric  acid. 


Arrudgamation  in  Hungarian  Mills 

Mills  of  this  type,  called  in  Germany  '*  Quickmills"  are  use 
Europe,  especially  in  Hungary.     The  best  known  are  the  Schem  i 
mill  and  the  recently  introduced  and  very  efficient  Laszlo  amal 
raator. 

The  construction  of  the  Schemnitz  mills,  which  always  worL 
pairs,  is  shown  in  Fig.  660.  The  mill  consists  of  the  cast  iron  ] 
g,  inside  which  works  the  wooden  muUer  c,  which  is  hollowed  out  1 
a  funnel ;   the  latter  is  so  suspended  by  the  iron  arms  r,  r  as  to 

»  Berg-  uiid  HiUtcnm.  Ztg.  1867,  p.  212.  '-*  Ibid.  1880,  p.  93. 

'  Btrg-OeiMt,  1861,  No.  36. 

VOL.  I  3  g 
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free  to  rotate.  The  bottom  of  the  muller  ia  furnished  with  20 
radially  disposed  iron  teeth ;  it  may  be  driven  by  a  crank  as  in  the 
figure  or  by  means  of  gearing.  The  mercury  is  poured  into  the 
bottom  of  the  pan.  The  gold-bearing  pulp  runs  from  the  stamp  mill 
through  the  trough  a  into  the  funnel-shaped  hollow  of  the  muller  ; 
thence  it  escapes  along  the  bottom  of  the  muller  through  the  apace 
between  the  muller  and  the  pan  bottom,  is  here  forced  by  the  teeth 
of  the  muller,  which  dip  into  the  mercury,  into  intimate  contact  with 
the  latter  and,  finally,  passing  up  through  the  space  between  the  muller 
and  the  pan,  escapes  through  the  spout  d.  From  this,  the  pulp 
passes  into  a  second  mill,  where  the  gold  is  still  further  extracted. 


The  Hungarian  Government  owns  a  big  stamp  mill  at  Kcrpenyes  in 
Siebenbiirgen  with  which  128  of  these  mills  are  connected.  They 
are  charged  fortnightly  with  26^  lbs.  of  mercury ;  the  inullers  make 
30  revolutions  per  minute. 

From  the  mills  the  tailings  pass  over  buddies  where  the 
sulphurets  are  concentrated  and  afterwards  treated  in  the  dry  way. 

In  the  district  of  Nagybanya  in  Hungary,  a  portion  of  their  gold 
and  silver  contents  is  cxttacted  in  similar  mills  from  gold  and  silver 
ores  after  stamping.  Each  mill  is  charged  with  from  40  to  55  lbs,  of 
mercury.  After  the  pulp  has  traversed  two  mills  one  below  the 
other,  it  passes  over  concentrators  of  vaiious  kinds,  to  collect  the  sul- 
phurets cuntiiined  in  it.     The  average  loss  of  mercury  is  J  to  1  part 
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of  their  high  specific  gravity,  and  are  thus  forced  to  remain  as  long 
as  possible  in  the  machine.  The  speed  of  the  muller  depeuds  on  the 
character  of  the  ore  that  is  being  treated.  Each  pair  uf  mills  will 
put  through  OQ  the  average  2  tons  of  crushed  ore  in  24  hours.  The 
amalgam  is  cleaned  out  at  intervals  of  10  to  30  da^-s.     As  examples, 


the  method  of  gold  extraction  at  the  Fuzesd  Dreifaltigkeit  mine 
near  Boicza  and  at  the  works  of  the  Twelve  Apostles  Company  of 
Ruda,near  Brad,  both  in  Siebenbtirgen,  may  be  quoted. 

The  ores  produced  at  the  Fiizesd  Breifaltigkeit  •  mine  contain 
'  Cuiiinmiiicateii  liy  the  engineer,  Blunienau. 
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both  free  gold  and  gold  enclosed  in  pyrites.  With  th< 
pieces  carrying  coarse  gold,  the  ores  are  crashed  in  Call 
mills ;  each  head  crushes  0*8  ton  in  24  hours.  The  pi 
three  heads  is  led  to  one  pair  of  Laszio  amalgamators, 
they  pass  into  mercury  traps  and  finally  are  deliv 
pointed  sizing  boxes  {SpifzkaHten)  to  buddies  and  strakei 
machine  collects  auriferous  pjrrites,  which  is  smelted 
Schemnitz ;  on  the  latter,  sulphurets  rich  in  gold  are  ob 
are  amalgamated  in  mortars. 

The  upper  pan  of  the  amalgamator  is  25  inches  in 
lower  one  22  inches,  the  latter  stands  7  inches  beloiB 
The  height  of  the  pans  is  4J  inches.     The  outer  ring 
pan  is  2  J  inches  deep,  the  inner  one  4  inches.     The  rinj 
pan  is  4  inches  deep.     The  outer  ring  of  the  muller  of  tl 
has  12  teeth  on  its  bottom,  the  middle  ring  8,  and  the 
These  teeth  are  made  of  sheet  iron  and  are  2  inches  in 
the  lower  pan,  which  has  only  two  divisions,  the  teeth  c 
correspond  to  those  of  the  two  inner  rings  of  the  upper  ] 

The  upper  pan  contains  100  lbs.  of  mercury  in  the  oi 
and  44  lbs.  in  the  inner  one. 

The  pulp  escaping  from  every  three  pairs  of  mills 
mei-cury  trap  for  collecting  any  particles  of  amalgam  or  r 
may  be  carried  over ;  it  consists,  like  the  amalgamators 
muller,  and  is  only  distinguished  from  them  in  that  it  hi 

The  power  required  for  24  pairs  of  amalgamators  an 
traps  amount  to  4  h.p.  The  output  of  a  pair  of  millt: 
17  to  2  tons  of  ore  in  24  hours.  The  loss  of  mercury 
to  0077  lb.  The  yield  of  gold  is  75  per  cent,  to  80  per 
gold  present. 

The  amalgamators  are  cleaned  out  from  fortnightly  t 
for  this  purpose  the  muller  is  lifted  out  of  the  pan  and  t 
ladled  out.  Whilst  the  amalgamator  is  standing,  it  is 
keep  water  running  through  it,  to  prevent  the  ore  left  i 
a  hard  crust  on  the  bottom  of  the  pan  which  can  only  w 
be  broken  up  and  treated  when  the  amalgamator  is  start 

The  ores  of  the  Twelve  Apostles  Company  at  Rudf 
the  average  8  dwts.  of  gold  to  the  ton,  including  visible 
visible  gold  is  picked  out  in  the  mine  and  amalgamated 
the  free  gold  without  it  amounts  to  about  4  dwts.  of 
ton. 

The  ores  are  crushed  in  various  stamp  mills,  one  oi 
Californian  mill   with    amalgamated    copper    plates. 
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have  a  mesh  004  inch  wide,  but  those  in  the  Californian  mill  only 

002  inch. 

For  the  Californian  mill,  which  consists  of  5  stamps  of  750  lbs. 
weight,  4  pairs  of  amalgamators  are  provided ;  for  the  other  stamps, 
there  is  one  pair  of  IjSjszIo  mills  for  every  battery  of  3  stamps. 
These  latter  stamps  are  either  revolving  ones  with  iron  stems  or  else 
have  wooden  stems  and  weigh  300  lbs.  Each  head  of  the  Californian 
stamps  crushes  0*6  to  08  ton  in  24  hours,  and  of  the  other  stamp 
mills  1  to  1'7  tons. 

Under  each  pair  of  Laszlo  amalgamators  a  pair  of  mercury  savers, 
one  below  the  other,  are  set.     Each  amalgamator  can  put  through 

3  to  35  tons  of  ore  in  24  hours.  The  consumption  of  mercury  is 
00028  lb.  to  00099  lb.  to  the  ton.  The  yield  of  gold  is  55  per 
cent. 

The  tailings  are  in  part  treated  further  in  American  pans,  in  part 
concentrated  on  buddies  and  Bilharz  tables.  The  concentrates  are 
smelted  with  lead  at  the  Schemnitz  works. 

A  new  amalgamator,  which  has  not  yet  been  sufficiently  tested 
practically,  has  been  designed  by  Piccard  on  somewhat  similar 
principles  to  the  Laszlo  amalgamator.  It  consists  of  four  pans,  one 
below  the  other,  of  which  the  top  and  third  pans  revolve,  whilst  the 
second  and  lowest  pans  are  fixed.  The  upper  pan  is  of  wood,  the 
three  others  of  cast  iron.  The  upper  pan  has  sheet-iron  teeth  on  its 
bottom  and  sides ;  the  two  next  pans  are  furnished  inside  and  outside 
with  spiral  ribs,  whilst  the  lowest  pan  has  these  on  the  inside  only. 
The  pulp  is  charged  into  the  topmost  pan,  runs  through  its  centre 
into  the  next  below,  flows  over  the  edge  of  the  latter  into  the  third 
pan,  in  the  centre  of  which  it  rises  up  a  cylinder  provided  with  spiral 
ribs,  through  the  bottom  of  which  it  runs  into  the  lowest  pan,  over 
the  edges  of  which  it  flows  away. 

This  amalgamator  is  being  used  at  a  works  at  Boicza,  but  nothing 
is  yet  known  of  its  efficiency. 

Amalgamation  in  Pans 

This  is  comparatively  rarely  practised;  the  pans  are  similar  in 
construction  to  those  employed  in  the  amalgamation  of  silver  ores. 

At  the  Idaho  Mill,  in  Grass  Valley,  California,  the  Knox  pans 
described  on  p.  802,  have  been  used  for  treating  the  sandy  skimmings 
obtained  in  cleaning  the  surface  of  the  mercury  in  the  Atwood's 
amalgamators  ;  these  skimmings  contain  mercury,  amalgam  and 
auriferous  sulphurets.     The  Knox  pans  are  made  of  cast-iron,  are 


J 


amalgamated  tables  and  in  the  sluices  lined  with  amalgamed  plates, 
which  carrj  the  slimes  to  the  vanners.  A  portion  is  also  saved  by 
the  Frue  vanners  and  in  the  sluices  with  cross  riffles  placed  below 
the  vanners.  The  tailings  retain  20  per  cent,  of  the  gold  contents  of 
the  ore.  The  concentrates  made  on  the  vanners  (auriferous  and 
argentiferous  iron  and  copper  pyrites)  are  worth  $800  to  $1,000  per 
ton.  They  are  sold  to  smelting  works,  where  they  are  treated  in  the 
dry  way.' 

A  machine  that  depends  upon  the  use  of  amalgamated  copper 
plates,  but  which  is  only  an  accessory  machine  in  the  treatment  of 


gold  ores,  is  the  Eurcku  rubber,  formerly  used  at  the  Idaho  Mill  in 
Grass  Valley,  California.  Its  object  was  to  give  the  rusti/  gold  a 
bright  surface,  to  free  the  gold  from  slimy  and  clayey  coatings  and  to 
amalgamate  the  bright  gold. 

The  machine,  shown  in  Fig.  663,  consisted  of  a  cast-iron  boi,  K, 
in  which  a  system  of  rubbers  moves  backwards  and  forwards.      The 
box  has  a  second  bottom  consisting  of  alternate  blocks  of  wood  and 
'  Eyleston,  op.  (ii,  p.  34i 
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cast-iron  plates,  n,  resting  on  wooden  strips  at  o ;  the  rubbing  surface 
accordingly  consists  of  alternate  strips  of  wood  and  iron.  Above  it 
hangs  a  wooden  frame,  A,  in  which  are  secured  a  number  of  wooden 
rubbers,  r,  shod  with  cast-iron.  Copper  plates  are  fastened  both  to  the 
rubbers  and  the  shoes.  The  height  of  the  rubbing  apparatus  can  be 
adjusted  by  means  of  the  rods,  J,  and  it  is  moved  to  and  fro  by  means 
of  the  excentric  Z,  and  the  connecting  rod,  W,  making  55  strokes  per 
minute.  There  was  one  Eureka  rubber  to  each  5  head  of  stamps.  The 
tailingsfrom  blanket  strakes,as  also  from  special  amalgamators  (A  twood 
amalgamators),  ran  into  this  machine.  The  gold  contained  in  them 
is  nibbed  bright  and  remains  adhering  to  the  amalgamated  copper 
plates.  The  tailings  from  the  machine  flowed  through  a  row  of 
sluices  2  ft.  6  ins.  wide,  lined  with  amalgamated  plates  that  saved  the 
rest  of  the  free  gold ;  from  these  the  tailings  went  to  the  concentrators. 


AmalgamcUion  in  so-called  "  Amalgamatoi'S  " 

Of  other  forms  of  amalgamating  apparatus,  known  by  the 
general  term  of  amalgamators,  a  very  large  number  have  been 
designed ;  very  few  of  these  have  ever  continued  in  practical  use  for 
any  length  of  time,  and  modem  practice  is  entirely  against  their, 
employment.  Only  a  few  of  the  more  important  will  be  noticed 
here. 

Atwood's  amalgamator  was  at  one  time  in  use  at  the  Idaho  Mill, 
Grass  Valley,  California.  Its  construction  is  shown  in  Figs.  664  and 
665.  It  consists  of  an  inclined  wooden  box  4  ft.  long,  21  ins.  wide 
and  14  ins.  deep,  set  at  an  incline  of  3  inches  to  the  foot.  In  the 
bottom  of  it  there  are  two  wooden  troughs,^,  14  inches  wide,  6  inches 
deep  and  19  inches  long,  each  of  which  holds  350  to  400  lbs.  of  mer- 
cury. Above  each  trough  there  lies  a  horizontal  rotating  cylinder,  c, 
8  inches  in  diameter  and  18  inches  long.  Iron  rods  \  inch  in  diameter 
and  3  inches  long,  slightly  curved  at  their  ends,  are  set  on  the  surface 
of  the  cylinder  at  right  angles  to  its  axis  ;  these  rods  reach  almost  to 
the  surface  of  the  mercury  in  the  troughs.  The  two  cylinders  are  set 
3  feet  apart.  In  the  bottom  of  the  box,  between  the  troughs,  is  a 
rifHe,  saw-shaped  in  cross  section,  which  is  filled  with  mercury.  The 
crushed  ore  that  is  to  be  amalgamated  is  fed  into  the  charging  box,  v ; 
it  is  obtained  from  blanket  strakes  on  which  the  ore,  after  being 
crushed  in  Califomian  stamps,  is  concentrated.  By  means  of  a  uni- 
formly issuing  stream  of  water  from  a  pipe  above  it,  the  ore  is  carried 
uniformly  through  the  amalgamator.     The  regular  flow  of  water,  which 
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is  kept  at  a  temperature  of  40°  to  50°  C,  is  controlled  by  mechanism 
placed  above  the  pipe.  The  rotating  cylinders  revolve  60  times  per 
minute. 

By  means  of  the  rods  inserted  in  the  cylinder,  the  lighter  parts  of 
the  concentrates  are  kept  in  suspension,  whilst  the  gold  contaired 
in  them  sinks  in  the  mercury.  The  lighter  portions  and  tht 
auriferous  sulphurets  escape  with  the  water  at  the  lower  end  of 
the  amalgamator,  and  pass  through  two  sluices  containing  corrugated 


amalgamated  cjjpper  plates  to  the  above  described  Eureka  rubber 
A  main  condition  for  the  effectiveness  of  the  amalgamator  is  that  tbi' 
surface  of  the  mercury  shall  be  kept  constantly  bright ;  as  soon  as  it 
gets  dull  it  should  therefore  be  brightened  by  being  skimmed,  i 
considerable  quantity  of  skimmings  was  thus  obtained,  and  the?* 
were  worked  up,  as  already  described,  in  the  Knox  pan.  The  amalgam 
was  cleaned  out  of  the  troughs  and  riffles  once  a  week  ;  the  mercnn' 
way  first  ladled  out,  and  then  the  amalgam  carefully  removed  ;  90  to 
96  per  cent,  of  the  amalgam  was  saved  in  the  upper  trough,  the  rest 
in  the  lower  trough  and  the  riffles. 
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This  method  of  amalgamation,  combined  with  Eureka  rubbers 
and  Knox  pans,  was  used  for  a  considerable  time  at  the  Idaho  Mill, 
but  has  been  abandoned.  The  ore  is  gold  quartz,  whose  value 
according  to  Egleston  for  10  years  averaged  between  $12  and  $20 
per  ton. 

These  ores  were  crushed  in  Californian  stamps ;  the  pulp  was  run 
through  blanket  sluices  in  which  lay  coarse  woollen  blankets,  in  which 
the  heavier  portions,  gold  and  sulphurets,  remained,  whilst  the  lighter 
portions  were  taken  to  the  Eureka  rubbers.  The  upper  blankets 
were  washed  every  10  minutes,  the  lower  every  2  hours,  in  vats  to 
free  them  from  the  heavy  particles  deposited  on  them.  The  blan- 
ketings thus  saved  amounted  to  10 to  12  percent,  of  the  total  ore, and 
were  treated  as  above  in  the  Atwood  amalgamators.  The  tailings 
from  the  latter  also  psussed  to  the  Eureka  rubbers.  The  tailings 
from  these  pass  over  amalgamated  copper  tables,  and  into  Paine 
and  Stevens  round  buddies  followed  by  tossing  tubs,  to  concentrate 
the  sulphurets.     The  latter  were  roasted  and  chlorinated. 

Of  the  total  gold  obtained,  65  J  per  cent,  was  saved  in  the  amal- 
gamators, 2  per  cent,  in  the  riffles,  26  per  cent,  in  the  Knox  pans 
4  J  per  cent,  in  the  Eureka  rubbers,  and  2  per  cent,  on  the  amalga- 
mated copper  plates  of  the  last  sluices.  Of  the  free  gold  in  the  ore, 
75  per  cent,  was  saved,  and  95  per  cent,  of  that  in  the  sulphurets, 
the  latter  being  worth  $80  per  ton. 

PauVs  amalgamator  ^  is  a  trough  of  galvanised  iron  with  straight 
sides  and  cylindrical  bottom.  It  carries  a  stirrer  in  the  form  of  a 
screw  covered  with  amalgamated  plates,  making  70  to  100  revolu- 
tions per  minute.  The  necessary  mercury  is  contained  in  the 
bottom  of  the  apparatus. 

Groshy's  amalgamator  ^  is  a  wooden  tub  with  conical  bottom  ;  it  is 
one-third  filled  with  ore,  which  is  stirred  up  with  mercury,  the  latter 
being  introduced  through  a  rose.  When  the  accumulated  mercury 
reaches  a  certain  level  it  flows  off  through  an  opening  in  the  vessel^ 
and  passes  through  a  filter  into  a  bowl  covered  with  leather,  which  is 
dipped  into  a  solution  of  cyanide  of  potassium  ;  the  latter  cleans  the 
mercury  from  grease  and  dirt,  when  it  again  passes  into  the  apparatus. 
After  4  hours*  work  the  amalgam  is  separated  from  the  pulp  of 
crushed  ore. 

The  author  is  not  aware  that  either  of  these  machines  has  found 
any  practical  application. 

Various  amalgamators   have  been  founded  on  the    principle   of 

1  Berg-  und  Huttenm.  Ztits.  1872,  pp.  65,  382 ;  1875,  p.  91  ;  1878,  p.  314. 

2  Ibid,  1874,  p.  12 ;  1875,  p.  275. 
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allowing  auriferous  ores  to  ascend  through  a  column  of  mercury; 
among  these  may  be  named  those  of  Ball,^  Tichenor*  and  Stevenot,^ 
none  of  which  has,  however,  been  applied  practically.  An  apparatus 
of  Thenot  based  on  this  principle,  but  also  untried,  consists  of  a  series 
of  cast-iron  pots,  of  which  the  lower  part  of  the  hinder  one  always 
communicates  with  the  upper  part  of  the  one  in  front  by  means  of  a 
pipe.  The  pots  are  filled  with  mercury  up  to  a  given  level.  By  the 
pressure  of  a  column  of  water  or  of  ore  pulp  the  latter  is  forced 
through  the  mercury  in  the  various  pots,  one  after  another.  The 
regulation  of  the  pressure  is  effected  by  means  of  a  valve  on  the 
escape  pipe  from  the  last  pot. 

Numerous  amalgamators  on  the  centrifugal  principle  have  been 
invented,  e,g,,  that  of  W.  A.  Howard,*  of  Brisbane,  Queensland. 

The  Designolle  Process  of  Amalgamation 

This  has  been  found  as  little  suitable  for  the  extraction  of  gold 
as  for  that  of  silver  (see  page  841). 

THE  TREATMENT  OF  GOLD   AMALGAM 

This  is  identical  with  the  treatment  of  silver  amalgam.  The 
amalgam  is  usually  clean  enough  to  be  distilled  or  retorted  as  s^wn 
as  the  excess  of  mercury  has  been  filtered  off.  Amalgam  off  the 
plates  is  usually  so  stiff  that  it  can  be  at  once  kneaded  into  balls  with 
the  admixture  of  a  little  mercury.  Very  impure  amalgam  is  treated 
in  the  United  States  like  impure  silver  amalgam,  in  Knox  pans  or 
in  revolving  cast-iron  barrels.  It  is  then  washed  in  pjins  with  mercury 
and  filtered. 

This  amalgam  is  then  retorted  like  silver  amalgam.  In  the 
United  States,  Africa,  &c.,  horizontal  cylinders  of  cast-iron  as  well  as 
pot-shaped  retorts  are  used. 

Cylindrical  retorts  have  been  described  under  the  head  of  silver 
(see  page  845).  They  are  3  feet  to  4  feet  long  and  12  inches  in 
diameter.  The  retorts  and  condensers  are  arranged  as  for  silver 
The  charge  varies  from  200  to  1,200  lbs.  of  amalgam.  The  heat  is 
slowly  raised  up  to  the  boiling  point  of  mercury  and  maintained  for 
2  hours  at  that  temperature ;  it  is  then  raised  to  dull  redness,  at 
which  it  is  maintained  for  an  hour.  The  retort  is  then  allowed  u- 
cool  for  4  to  6  hours,  when  the  gold  is  withdrawn.  To  retort 
1,000  lbs.  of  amalgam  i  to  J  cord  of  wood  is  required. 

1  Imperial  German  Patents,  No.  8,306.  ■  Do.  No.  11,294. 

'  Oester.  ZtitarX  1879,  p.  248.  *  Patent,  December  17.  1892. 


A  retort  lasts  for  lOO  to  300  charges.  The  loss  of  mercur  i 
small,  amountiDg  to  1  to  1 J  lbs.  of  mercury  to  the  ton  of  ai  I 
The  gold  sponge  so  obtained 
is  600  to  850  fine  in  Cali- 
fornia. It  is  melted  in  re- 
torts with  nitre  and  car- 
bonate of  soda. 

In  the  smaller  mills  of 
the  United  States  and  else-  j 

where,  pot  retorts  of  the 
shape  shown  in  Fig.  666 
are  used.  They  are  made 
of  cast-iron,  turned  on  their 
upper  edge ;  the  lower  edge 

of  the  cover  is  also  turned  ' 

to  match.     Their  sizes  vary  Pm,  ,j^ 

greatly,  from  a  capacity  of 

150  oz.  to  2,000  oz.     The  largest,   for    2,000   oz.,  are  8  ini 
diameter  at  the  top,  6  inches  at  the  bottom,  and  12  inchei   I 
the  smallest  size,  for  150  oz.,  is   SJ  inches  diameter  at   tl  : 
3^  inches  diameter  at  the  I 
and  4|  inches  high. 

A  retort  used  in  Hun;  : 
shown  in  Fig.  667.  It  is  i 
tical  cylinder  of  8|  inches 
diameter  and  14.J-  inches 
standing  on  a  grate,  b,  an  . 
rowed  down  at  the  botton 
collar  2J  inches  in  diamete  ' 
which  the  tube  e  fits.  Tl 
nace,  fl,  is  4  feet  3  inches 
and  1  foot  8  inches  in  dia  i 
and  is  closed  above  by  a  cai  I 
plate.  The  amalgam  to  ii 
torted  is  laid  on  sheet-iron  ]i 
t,  that  are  threaded  on  ti 
iron  rod,  m.  A  bell-shaped  ; 
J),  closes  the  upper  end  o 
F,o.  sex.  retort.      The    fuel   (charoo: 

heaped  up  round  the  reti 
the  body,  r,  of  the  furnace,  the  products  of  combustion  escapiii 
the  stack,  g.     The  mercurial  vapours  pass  through  the  pipe,  c 
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the  cast-iron  tube,  d,  which  is  6f  inches  wide  and  is  closed  above  by 
a  plug,  e,  and  they  condense  in  the  box,  7t,  filled  with  water.  Th: 
operation  of  retorting  takes  4  hours. 

B.  The  Extraction  of  Gold  by  means  of  Aqueous  Solutions 

Up  to  the  present  there  are  two  methods  in  use  by  which  gold 
may  be  dissolved  out  of  ores  properly  so-called,  and  got  in  the  form 
of  an  aqueous  solution,  to  be  subsequently  precipitated  as  metal, 
namely  that  by  which  the  gold  is  obtained  in  solution  as  a  chloride, 
and  that  by  which  it  is  obtained  as  potassium  aurocyanide.  These 
processes  are  known  as  the  Plattner  process  and  the  MacArthur- 
Forrest  process,  after  their  respective  inventors.  The  other  processes, 
which  have  only  been  worked  tentatively  and  with  dubious  results, 
depend  on  the  conversion  of  gold  into  bromide,  on  the  solubility  of 
gold  in  mixed  cyanogen  bromide  and  potassium  cyanide  solutions,  on 
the  solubility  of  gold  in  chloride  of  sulphur  saturated  with  chlorine, 
and  on  the  action  of  weak  permanganate  and  hydrochloric  acid  on 
the  metal. 

The  method  of  dissolving  gold  as  a  hyposulphite  by  means  of 
sodium,  calcium  or  cupro-sodium  hyposulphite  is  only  used  for  silver 
ores  that  contain  comparatively  little  gold.  In  this  case  double  salts 
of  gold,  e.g.y  3Na2S203,Au2S203H-4H20,  are  produced. 

The  Plattner  process  may  be  used  in  many  cases  in  which  amal- 
gamation fails,  especially  on  pyritic  ores.  The  Mac  Arthur- Forrest 
process,  which  is  comparatively  recent,  is,  according  to  experience 
hitherto,  best  suited  to  ores  that  are  free-mUling,  t.e.,  that  will  )aeld 
gold  to  mercury,  but  contain  the  gold  in  a  fine  state  of  division.  It 
is  also  applicable  to  many  pyritic  ores. 

THE   PLATTNER  PROCESS 

This  process  depends  on  the  action  of  chlorine  gas  upon  moistene^i 
gold  ores,  leaching  out  the  so  formed  auric  chloride  with  water,  and 
precipitating  metallic  gold  from  the  solution  of  its  chloride  by  ferrous 
sulphate,  charcoal,  sulphuretted  hydrogen  or  sulphides. 

It  was  proposed  in  1848  by  Plattner  for  the  extraction  of  gold 
from  the  arsenical  pyrites  residues  of  the  works  at  Reichenstein  in 
Silesia,  and  was  introduced  in  1858  by  Deetken,  at  Grass  Valley. 
California.  Percy,  independently  of  Plattner,  conceived  the  idea  oi 
dissolving  gold  from  its  ores  by  the  action  of  moist  chlorine,  and 
announced    the   results   of    his   experiments   in    this    direction   at 
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the  meeting  of  the  British  Association  in  Swansea  in  18 
report  of  this  was  not  published  until  1852.  Hence,  the 
of  this  process  may  be  ascribed  both  to  Plattner  an 
the  principle  upon  which  the  process  is  founded  had  1 
known.  Since  1863  it  has  attained  great  importance  in 
mining  States  of  the  Union,  and  has  been  modified  then 
ways  as  regards  the  form  of  the  plant  and  the  method  of  g 
the  chlorine.  From  America  it  was  introduced  into  Aust 
South  Africa. 

Many  ores  from  which  mercury  will  not  extract  gol( 
advantageously  treated  by  the  Plattner  process ;  amongst  tt 
especially  are  pyritic  ores  containing  gold  in  a  very  fine 
division.  But  there  are  also  many  ores,  also  pyritic,  fro 
chlorine  will  not  extract  the  gold  perfectly. 

The  conditions  for  the  satisfactory  chlorination  of  gold 
the  absence  of  bodies  attacked  by  chlorine,  a  fine  state  of  d: 
the  gold,  the  absence  of  bodies  that  coat  the  particles  of  | 
protect  them  against  the  action  of  the  chlorine,  and  the  emi 
of  pure  chlorine,  more  especially  free  from  hydrochloric  acid. 

As  chlorine  attacks  arsenides,  antimonides  and  sulphi< 
that  contain  these  substances  must  be  subjected  to  an  < 
calcination  before  being  chlorinated,  so  as  to  remove  a 
arsenic  and  sulphur,  and  to  convert  the  metals  into  oxides, 
calcination  a  small  percentage  of  salt  is  generally  added,  in  < 
convert  any  substances  that  might  be  present  and  which  wor 
chlorides  on  chlorination  into  chlorides  during  the  open 
roasting,  so  as  to  save  chlorine  during  chlorination. 

Many  ores  are  also  roasted  before  chlorination,  in  order  t 
them  more  open  in  texture,  and  thus  render  the  particles 
accessible  to  the  action  of  chlorine. 

Any  silver  present  in  the  ore  forms  chloride,  which  ct 
particles  of  gold  and  thus  renders  their  chlorination  more  ( 
The  process  therefore  gives  better  results  in  the  absence  o 
Any  sintering  of  the  ore  during  calcination  is  also  apt  to  c 
particles  of  gold  and  to  prevent  their  being  chlorinated ;  all  si 
must  therefore  be  avoided  in  calcining  the  ore. 

If  the  gold  is  not  very  finely  divided,  its  chlorination  ta 
much  time,  hence  ores  carrying  coarse  gold  are  not  adapted 
process. 

If  the  chlorine  gas  contains  hydrochloric  acid,  the  latt 
attack  any  sulphides  that  may  be  left,  and  generate'  sulph 

J  Phil.  Mag.  1850,  p.  1-3. 
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hydrogen,  which  would  precipitate  as  sulphide  any  gold  in  solution 
as  chloride,  and  thus  render  it  insoluble.  Hydrochloric  acid  would 
also  dissolve  metallic  oxides. 

The  chlorine  employed  in  this  process  is  produced  either  from 
black  oxide  of  manganese,  salt  and  sulphuric  acid,  or  from  chloride  of 
lime  (bleaching  powder)  and  sulphuric  acid.  In  the  former  case  it  is 
produced  in  special  generators,  in  the  latter  inside  the  chlorinating 
vessel  itself.  Pressure  has  been  used  in  chlorinating,  but  it  has 
not  given  results  notably  superior  to  those  obtained  without  pressure. 

The  apparatus  in  which  the  gold  is  chlorinated,  when  working  on 
a  very  small  scale  as  formerly  at  Reichenstein,  and  now  at  times  at 
Freiberg,  consists  of  vessels  of  glazed  earthenware,  but  on  a  large  scale, 
as  for  instance  in  the  United  States  and  Australia,  of  vats  of  tarred 
wood  with  double  bottoms,  or  lead-lined  rotating  wooden  or  iron 
barrels. 

The  Plattner  process  is  most  extensively  used  in  California ;  in 
the  ores  there  the  greater  portion  of  the  gold  is  free-milUiiig,  or  exists 
in  such  a  form  that  it  can  be  extracted  by  amalgamation,  whilst 
another  portion  is  enclosed  in  sulphurets  (iron,  copper  and  arsenical 
pyrites)  in  such  a  form  as  not  to  be  affected  by  mercury ;  this  latter 
portion  is  chlorinated.  After  the  ores  have  been  treated  as  already 
explained  by  inside  and  outside  amalgamation,  the  tailings  are  con- 
centrated on  Frue  vanners  to  extract  the  sulphurets,  and  the  concen- 
trates so  obtained  are  treated  by  the  Plattner  process. 

These  sulphurets  generally  amount  to  IJ  per  cent,  to  2  per  cent 
of  the  ore,  and  only  exceptionally  reach  7  per  cent.  t.o  10  per  cent. ; 
their  average  value  may  be  taken  as  $40  to  $100  per  ton. 

The  composition  of  such  concentrates  is  as  follows : — 
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The  Plattner  process  is  more  rarely  applied  to  ores  direct,  that  is 
to  say  without  previous  concentration  or  amalgamation,  as  for  instance 
at  Mount  Morgan  in  Queensland. 

In  the  execution  of  the  process  we  have  to  consider : — 

1.  Calcining  the  ore. 

2.  Chlorinating  the  gold  and  leaching  the  auric  chloride  out  of 
the  ore. 

3.  Extracting  the  gold  from  the  solution  of  its  chloride. 

If  the  gold  ores  contain  silver,  the  chloride  of  silver,  being  insol- 
uble in  chlorine,  remains  in  the  residues.  In  this  case  after  the  gold 
has  been  removed,  the  residues  are  leached  with  hj^osulphites. 

CALCINATION   OF   THE   ORES 

The  object  of  calcination  is  to  liberate  the  gold  and  to  convert  all 
metals  present,  except  gold  and  silver,  into  oxides,  which  are  but 
little  attacked  by  chlorine.  In  many  cases,  e.g.,  when  gold  is  con- 
tained in  brown  haematites,  the  object  of  the  calcination  is  merely  to 
render  the  gold  readily  accessible  by  expelling  water  and  rendering 
the  ground  ore  porous. 

Arsenic,  antimony  and  sulphur  must  be  removed  as  completely  as 
possible  by  the  calcination ;  soluble  salts,  such  as  ferrous  sulphate 
or  chloride,  may  not  be  left  in  the  calcined  ore,  because  they  would 
precipitate  gold  from  the  solution  of  its  chloride.  Lime  and 
magnesia  are  injurious  inasmuch  as  tliey  absorb  chlorine  during 
chlorination,  and  thus  increase  the  chlorine  consumption.  Lead  also 
absorbs  chlorine. 

When  the  ores  contain  lime,  magnesia,  or  lead,  salt  is  added 
towards  the  termination  of  the  roasting,  so  as  to  convert  these  metals 
into  chlorides,  in  order  to  prevent  free  chlorine  acting  on  them 
during  chlorination.  Lead  is  partly  converted  into  sulphate  on 
roasting,  and  this  salt  reacts  with  sodium  chloride,  forming  sodium 
sulphate  and  lead  chloride,  or  in  the  presence  of  oxide  of  lead,  lead 
oxychloride,  otherwise  lead  would  be  converted  into  oxychloride  by 
the  free  chlorine. 

When  salt  is  added  the  temperature  must  be  kept  down  to  prevent 
the  volatilisation  of  any  gold  chloride  that  may  be  formed.  If  copper 
is  present  in  the  ore,  the  chloride  of  copper  powerfully  promotes  the 
v'olatility  of  the  gold.  The  salt  must  then  only  be  added  when  all 
bhe  copper  has  been  converted  into  oxide. 

According  to    Egleston,^  the    loss   of  gold    by  volatilisation    as 

*  TraiiH.  A.iM.m.  vol.  xix.  339. 
VOL.   1  3   R 


978 


METALLURGY 


chloride  during  a  chloridising  roast  may  equal  from  40  per  cent, 
to  90  per  cent,  of  the  total  gold  present,  according  to  the  degree  of 
temperature  and  the  length  of  time  occupied  by  the  calcination.  The 
above  writer's  experiments  show  that  when  cupriferous  gold  ores 
were  roasted  with  only  3  per  cent,  of  salt,  the  following  results  were 
obtained : — ^ 
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p^  According  to  S.  B.  Christy,  gold  is  but  slightly  volatile^  in  an 
atmosphere  of  chlorine  gas  at  100''  C. ;  its  volatility  increases  slightly 
up  to  250*"  C,  and  then  diminishes  till  below  redness,  commences  to 
increase  again  at  a  red  heat,  and  rises  continually  up  to  white  heat 

If  the  ores  contain  silver,  the  addition  of  salt  will  convert  it  into 
chloride,  which  is  extracted  by  means  of  hyposulphite  solution.  If 
the  chloride  of  silver  covers  up  particles  of  gold,  it  is  best  to  huch 
before  and  after  chlorination,  otherwise  only  after  the  chloride  of  gold 
has  been  dissolved  out.  If  the  calcined  ore  contains  much  chloride  yt 
lead,  it  is  best  removed  before  chlorination  by  leaching  with  h«»t 
water. 

The  quantity  of  salt  to  be  added,  the  time  required  for  calcination 
and  the  temperature  to  be  maintained,  so  as  to  ensure  the  minimum 
loss  of  gold,  have  to  be  determined  experimentally  for  each  individual 
kind  of  ore. 

Before  roasting,  the  ores  are  crushed  to  pieces  tlie  size  of  nut^. 
and  then  dried  as  in  the  case  of  silver  ores,  preference  being  given  in 
the  States  to  revolving  dryers.  Rothwell's  drying  furnace  *  is  made 
of  cast-iron  or  steel  plate,  and  is  fitted  inside  with  two  diaphragm^ 
standing  at  right  angles  to  each  other.  The  air  passing  through  the 
cylinder   is   wanned   in   the   flues.     The  flue    dust   chamber  is  so 

»  TraiiM.  A.I.M.E,  vol.  xix.  p.  336.  «  Ihid.  vol  xvii.  p.  26. 

»  Rothwell,  The  Mineral  ImluMtry,  1896,  p.  264. 
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arranged  that  the  dust  drops  back  automatically  into  the  cylinder.  A 
Rothwell  furnace,  18  feet  long  and  3  feet  in  diameter,  can  dry  30  to 
40  tons  of  ore  daily.  After  drying,  the  ore  is  further  pulverised, 
usually  by  means  of  rolls,  down  to,  but  not  below,  ^V  i^^^  i^  size. 

The  appliances  used  for  calcination  are  reverberatory  furnaces  of 
the  most  varying  kinds,  continuous  acting  furnaces  with  one  bed,  with 
several  beds  one  over  the  other,  with  several  beds  arranged  stepwise, 
with  elliptical  beds,  rotating  cylinders,  and  Spence,  Pearce,  Ropp, 
and  Brown  furnaces. 

Amongst  the  furnaces  with  fixed  beds  are  the  continuous  re- 
verberatories  with  one  bed,  and  working  doors  on  either  side,  as  also 
those  with  stepped  beds,  the  latter  being  much  used  in  California. 

Furnaces  with  elliptical  beds,  such  as  are  also  used  in  California, 
are  diflScult  to  construct  and  are  unable  to  show  any  corresponding 
advantage  over  the  rectangular  bed. 

When  large  quantities  of  ore  have  to  be  put  through,  recent  prac- 
tice shows  that  Pearce,  Ropp,  Brown  and  Spence  furnaces  may  be 
used  with  profit.  These  have  been  already  described  under  the  head 
of  copper. 

Continuous-acting  reverberatory  furnaces  are  best  made  55  feet 
to  66  feet  long ;  such  a  furnace  will  put  through  on  the  average  3 
tons  of  ore  in  the  24  hours. 

At  the  Treadwell  Mine  *  in  Alaska  the  pyrites  are  calcined  in  a 
Spence  furnace  with  4  shelves;  the  crushed  ores,  which  contain 
$5  to  f  6  in  gold,  are  mixed  with  3  per  cent,  of  salt  on  the  third 
hearth.  They  remain  16  hours  in  the  furnace,  which  roasts  8  tons  in 
24  hours. 

-  At  the  Works  at  Sutter  Creek,  Amador  County,  California,^  a 
long-bedded  calcining  furnace  {F(n*t8chaufelungs')fen),  80  feet  long  and 
1 2  feet  wide,  is  used.  The  ore  is  charged  in  lots  of  1^  to  1 J  tons  ;  each 
furnace  takes  3  charges  at  a  time,  which  are  worked  and  drawn 
sejiarately.  In  24  hours,  3  charges,  weighing  together  3f  to  4|  tons, 
ire  put  through.  The  charge  nearest  the  flue  is  being  dried,  whilst 
he  middle  one  is  being  freed  from  the  greater  part  of  its  sulphur ; 
tnd  the  one  nearest  the  firebridge  is  being  roasted  dead.  The  salt 
%  per  cent,  of  the  charge)  is  added  as  soon  as  no  more  sulphur  flames 
Lppear. 

At  the  Amador  Reduction  Works,  near  Amador  City,  California, 
3ng-bedded  calciners,  75  feet  long  and  12  feet  wide  inside,  with  6 
.rorking  doors  on  either  side,  are  used.  In  24  hours,  3  tons  of  ore  are 
3asted  with  a  fuel  consumption  of  1  coni  of  wood.     Salt  amounting 

'  Egleston,  op.  cH.  p.  606.  *  Ibid.  p.  607. 
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to  1  per  cent,  of  the  weight  of  the  charge  is  added.     Only  one  man 
is  required  per  8  hour  shift. 

At  the  Eureka  Works  in  Grass  Valley,  California,  there  was 
formerly  a  Furtschaufdungs  furnace  with  2  hearths,  one  above  the 
other,  of  which  the  upper  one  was  39  feet  long  and  6  feet  wide ;  the 
lower  hearth  was  as  wide,  but  much  shorter.  Of  the  crushed  ore, 
9  tons  were  always  on  the  upper  hearth  and  only  1  ton  on  the  lower. 
After  the  lower  hearth  was  emptied,  1  ton  was  pushed  down  from  the 
upper  hearth  and  spread  out,  and  1  ton  of  fresh  ore  charged  on  to 
the  upper  hearth.  In  24  hours  3  tons  were  calcined ;  the  furnace 
required  2  men  to  the  8  hour  shift. 

At  the  Providence  Works,  near  Nevada  City,  in  California, 
furnaces  with  2  elliptical  hearths,  one  above  the  other,  are  in  use ; 
the  longer  axis  of  the  hearths  is  15  feet,  the  shorter  12  feet.  The 
ore,  which  contains  $120  in  gold  and  $12  in  silver  per  ton,  is  first 
dried  in  6  ton  charges  on  the  roof  of  the  upper  bed,  and  is  then 
dropped  through  openings  on  to  the  bed,  where  it  is  spread  out  and 
rabbled  every  10  or  15  minutes.  Every  12  hours,  2  tons  are  passed 
from  the  upper  to  the  lower  bed  through  openings  in  the  former, 
and  are  replaced  by  a  similar  quantity  of  dried  ore.  After  the  ore  has 
been  4  hours  on  the  lower  hearth,  the  temperature  is  reduced  and  1 
per  cent,  of  salt  is  rabbled  into  the  ore ;  the  temperature  is  raise<l 
and  rabbling  is  continued  for  4  hours  more,  when  the  charge  i< 
drawn. 

At  Bunker  Hill  Mill,  California,^  a  fixed  hearth  combined  with  a 
rotary  pan  furnace  is  used ;  the  fixed  hearth  is  7  feet  wide  and 
18  feet  long,  and  the  revolving  hearth,  which  is  next  to  the  fireplace, 
is  12  feet  in  diameter.  Two  tons  of  ore  are  put  through  in  24  hour< 
and  \\  cords  of  wood  are  used  for  firing. 

At  the  Deloro  Mine,  Ontario,^  Canada,  the  ore  is  dried  in  a 
revolving  cylinder,  and  then  roasted  in  2  revolving  cylinders  plaani 
one  above  the  other ;  the  upper  one  is  30  feet  long  and  5  feet  in 
diameter,  and  its  lower  end  communicates  by  means  of  a  pipe  with 
the  lower  cylinder,  which  is  20  feet  long  and  4  feet  in  diameter.  The 
products  of  combustion  traverse  first  the  lower  and  then  the  upper 
cylinder,  the  ore  travelling  in  the  opposite  direction.  Ten  tons  of  on 
are  calcined  in  24  hours. 

At  the  Colomdo  City  Chlorinatiou  Works,^  Bopp  and  Peaixv 
furnaces  are  used  with  naphtha  firing.     The  Ropp  furnace  is  100  fe*  t 

*  T.  K.  Rose,  op.  cit.  p.  227. 

*  Tram.  A.I.M.E,  vol.  xi.  p.  193. 

»  The  Mineral  Indmtry,  1899,  p.  344. 
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long  and  13  feet  wide,  it  puts  through  90  to  94  tons  in  24  hours,  and 
roasts  ores  containing  2*6  to  85  per  cent,  of  sulphur  down  to  0*02 
per  cent,  of  sulphur.  The  Pearce  furnace  puts  through  55  to  62 
tons  in  24  hours. 

At  Gibhonsville,  in  Montana,^  a  Pearce  furnace  with  two  hearths, 
one  above  the  other,  is  used  in  conjunction  with  a  small  reverberatory 
furnace  to  ensure  sweet  roasting.  The  capacity  in  24  hours  is  12  to 
15  tons  of  ore  with  33  to  40  per  cent,  of  sulphur. 

At  Mount  Morgan,  Queensland,^  a  Richards  mechanical  furnace 
with  11  hearths  arranged  shelf- wise,  each  29  feet  long  and  12  feet 
wide,  roasts  down  to  009  per  cent,  of  sulphur  at  a  cost  of  17  shillings 
a  ton.  The  ore  is  charged  on  to  the  topmost  hearth,  and  blown  down 
to  the  lower  hearths  by  intermittent  puffs  from  the  tuyeres.  These 
have  nozzles  ^  inch  in  diameter,  and  are  arranged  at  regular 
intervals  along  the  side  walls  of  the  furnace.  The  dust  is  caught  in 
a  chamber  and  returned  to  the  furnace. 

As  already  stated,  the  calcination  takes  place  at  a  low  tempera- 
ture, which  is  only  raised  at  the  finish  in  order  to  decompose  the 
sulphates  formed  as  far  as  possible. 

After  the  ore  has  been  drawn  from  the  furnace,  it  is  first  piled  up 
in  heaps  to  produce  an  after-chlorination,  and  then  spread  out  on  a 
cooling  floor.  When  completely  cool  it  is  moistened  with  4  per  cent, 
to  5  per  cent,  of  water  and  chlorinated.  In  case  of  need  the  soluble 
salts  and  the  chloride  of  silver  are  leached  out  before  chlorination. 

Chlorination  of  the  Gold  and  Leaching  out  the  Chloride 

OF  Gold 

Chlorination  is  effected  either  with  the  ore  at  rest  in  fixed  vessels 
or  in  vessels  suspended  on  trunnions,  or  with  the  ore  kept  in  a  state 
of  agitation  in  rotating  vessels,  usually  cylindrical. 

The  chlorine  can  either  be  generated  in  separate  producers,  washed 
and  passed  into  the  ore,  or  it  may  be  generated  inside  the  chlorina- 
tion vessels  by  adding  to  the  ore  reagents  capable  of  evolving  chlorine. 
In  a  few  cases  chlorine  water  is  used.  In  closed  rotating  vessels 
chlorination  can  be  performed  under  pressure,  which  is  not  possible 
in  open  vessels  or  vats. 

Chlorination  in  rotating  vessels  is  more  rapid  than  in  vessels 
where  the  ore  is  at  rest,  and  will  extract  a  higher  proportion  of  gold. 
By  the  movement  of  the  ore  the  particles  are  broken  up  and  thus  the 

'  Min.  Sci.  Press,  vol.  74,  282. 

2  The  Mineral  Industry,  18»9,  p.  339. 
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separate  particles  of  gold  are  better  exposed  to  the  action  of  the 
chlorine ;  any  coating  on  the  gold  is  also  apt  to  be  removed  by  the 
friction  of  the  particles  of  ore  against  each  other.  Chlorination  pro- 
ceeds especially  well  when  the  chlorine  is  generated  in  the  revolving 
vessels  themselves  from  chloride  of  lime  and  sulphuric  acid,  as  it  has 
a  powerful  chloridising  action  on  the  gold  in  the  nascent  state,  and  is 
brought  into  intimate  contact  with  the  particles  of  the  gold  owing  to 
the  rotation  of  the  vessels. 

The  application  of  pressure  favours  the  chlorination  of  the  gold, 
but  has  not  produced  all  the  advantages  that  were  expected  of  it. 
Accordingly,  it  is  nowhere  in  use  at  present,  as  far  as  regards  these 
methods,  in  which  chlorine  is  forced  into  the  chlorinating  vessel  by 
artificial  pressure. 

Sutton  has  proposed  to  chlorinate  in  an  iron  vessel  lined  with 
lead  and  provided  with  two  stiiTers. 

Chlorination  without  Agitation  of  the  Ore 

(a)    When  Chlorine  is  generated  outside  the  GhloriTiating  Vessel 

In  this  process  the  vessels  used  on  a  small  scale  are  made  of  stone 
ware,  on  a  large  scale  of  tarred  planks. 

At  Reichenstein,  in  Silesia,  where  the  Plattner  process  was  intro- 
duced, stoneware  vessels  were  used.  Calcined  arsenical  pyrites 
containing  0*0022  per  cent,  to  0*0024  per  cent,  of  gold,  the  residues 
from  arsenic  manufacture,  were  there  submitted  to  chlorination. 
The  vessels  were  stoneware  cylinders  24J  inches  high  and  16y  inches 
in  diameter,  terminating  in  a  cone  below,  iron  hooped,  and  hung  on 
trunnions.  Inside  each  was  a  filter  composed  of  pieces  of  quartz 
resting  on  a  perforated  tile.  The  vessel  was  closed  air-tight  by  means 
of  a  wooden  cover  that  was  luted  on ;  through  it  a  leaden  tube 
reached  nearly  to  the  bottom  of  the  vessel  and  served  for  the  intro- 
duction of  the  chlorine.     The  charge  of  ore  amounted  to  165  lbs. 

The  chlorine  generator  was  of  stoneware  and  was  provided  with 
a  leaden  cover  luted  on  by  means  of  dough.  It  was  heated  on  a 
sand-bath.  There  were  two  openings  in  the  cover;  one  for  the 
introduction  of  the  necessary  chemicals,  the  other  provided  with  a 
leaden  tube,  through  which  the  chlorine  was  led  to  the  wash-bottle. 
The  generator  was  charged  with  16  J  lbs.  of  hydrochloric  acid,  7  J  lbs. 
of  dilute  sulphuric  acid  (25°  B.)  and  7|  lbs.  of  black  oxide  of 
manganese.  The  chlorine  gas  was  first  washed  in  the  wash-bottle 
to  remove  hydrochloric  acid,  and  then  led  through  the  bottom  of  the 
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chlorinafcion  vessel  under  the  slightly  moistened 
hours  the  chlorine  gas  was  shut  off.  The  vessel  wa 
stand  another  12  to  15  hours,  so  as  to  admit  of  the  co 
of  the  chlorine,  and  the  chloride  of  gold  was  then  di 
water  at  20°  C,  until  the  ore  was  exhausted.  An 
process  arose  from  the  fact  that  these  residues  absorbe 
of  water,  so  that  the  complete  washing  out  of  the  di;: 
matter  of  great  difficulty. 

In  Freiberg  ^  imported  gold  ores  are  at  presoi 
Plattner  process  in  stoneware  vessels. 

Wooden  vats,  such  as  are  used  for  operations  on 
either  fixed  or  suspended  on  trunnions.     They  recei\ 


Fio.  668. 


3  coats  of  tar,  asphalt,  varnish  or  paraffin,  which  rem 
proof  against  chlorine  and  impervious  to  liquids. 

Fixed  vats  are  cylindrical,  5  to  9  feet  in  diamete:' 
inches  to  3  feet  deep,  inside  measurements.  Accordi]: 
they  will  take  2  to  5  tons  of  ore.  Some  distance  (a 
above  the  true  bottom  is  a  false  boctom  of  perforate 
which  there  is  a  layer  of  pieces  of  quartz  6  to  8  inch( 
bottom  these  pieces  are  of  the  size  of  hens*  eggs 
decrease  in  size  towards  the  top  of  the  layer ;  upon  it 

^  Freibergs,  Berg-  und  HiUtenwtsen^  1893. 
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of  sand  2  inches  deep;  upon  this  a  filter  of  sail-cloth  is  laid,  which  is 
sometimes  replaced  by  a  layer  of  wooden  boards.  The  construction 
of  such  a  vat  is  shown  in  Fig.  668.  Chlorine  is  led  in  through  the 
horizontal  pipe ;  the  solution  is  run  oflF  through  the  bent-up  hose-pipe. 
The  dimensions  of  some  of  these  vats  and  their  capacities  are 
shown  in  the  following  table  -} — 


Name  of  Works. 


Treculwell  Mine,  Alaska       .  . 

Amador  Mine,  California     .  . 

Plymouth  Mine,  California  .  . 
Sierra  Buttes  Mine,  California 

CaillotB  Mine,  California  .    .  . 
Providence  Mine,  California 

Maltmans  Mine,  California  .  . 


Diameter. 


Depth. 


Feet.  in. 
9     - 


8 
9 
5 
8 
6 
5 


6 


Feet.  in. 
3    - 


3 
3 
3 
3 
2 
4 


6 

2 
6 
6 


Capacity. 


Tons. 
5 

3* 

4 
2 
3 
3 
2 


At  Mount  Morgan,  where  chlorine  water  is  used,  the  vats  arc 
cemented  inside ;  they  hold  100  tons  of  ore  and  their  dimensions  are 
55  feet  by  12  feet  6  inches  by  4  feet. 

The  arrangement  of  a  vat  suspended  on  trunnions  is  shown  in  Fig. 
669 ;  a  are  the  trunnions,  and  &  is  a  perforated  stoneware  slab,  below 
which  there  are  fragments  of  quartz.  Chlorine  gas  is  passed  in 
through  a  lead  tube  beneath  the  false  bottom,  provided  with  a  tap. 
Such  vats  are  in  use  at  Grass  Valley,  California.  They  are  3  feet  3 
inches  high,  5  feet  in  diameter  at  the  centre  and  hold  3  tons  of  ore. 

The  ore  to  be  charged  must  be  moistened  to  the  right  degree ;  ore 
that  is  too  dry  is  not  sufficiently  attacked  by  chlorine,  whilst  ore 
that  is  too  moist  prevents  the  chlorine  gas  from  rising.  As  soon  as 
the  vat  has  been  filled  a  foot  high,  chlorine  is  passed  into  the  space 
between  the  double  bottoms,  whilst  the  charging  continues  until  the 
vat  is  filled  with  ore  up  to  2  inches  to  4  inches  from  the  top.  It  is 
then  closed  with  a  cover  in  which  there  are  holes  to  allow  the  air  to 
escape  and  the  gases  to  be  observed.  The  cover  is  luted  down  by 
means  of  a  clay  puddle,  which  is  kept  moist  by  being  covered  with 
wet  rags.  Chlorine  is  allowed  to  enter  the  vat  for  5  to  12  houR, 
according  to  the  fineness  of  the  gold ;  the  admission  pipe  is  then 
closed  and  the  vat  is  allowed  to  stand  for  24  to  40  hours  with  the 
cover  on. 

The  finer  the  gold,  the  more  rapidly  does  it  chlorinate. 

The  chlorine  is  generally  produced  from  black  oxide  of  manganese, 
salt  and  sulphuric  acid.     The  chlorine  generator  is  a  vessel  of  hea^y 

^  Egleston,  op,  cit.  p.  628. 
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When  the  charge  has  remained  48  hours,  on  the  average,  in  the 
vats,  the  chloride  of  gold  is  leached  out  with  water.  For  this 
purpose  the  cover  is  removed,  the  ore  is  covered  with  sacking  and 
water  is  run  on  to  the  latter,  by  which  means  the  water  is  uniformly 
distributed  throughout  the  ore.  In  many  works  the  sacking  is  put 
over  the  ore  before  the  cover  is  put  on,  and  water  is  run  in  through 
holes  in  the  closed  cover.  As  soon  as  the  water  stands  3  inches  above 
the  surface  of  the  ore,  and  no  longer  settles  into  it,  it  is  allowed  to 
flow  oflF.  The  solution  of  chloride  of  gold  is  allowed  to  escape 
through  an  opening  in  the  true  vat  bottom,  and  water  is  run  in  at  the 
top  as  fast  as  the  gold  chloride  solution  flows  out,  so  that  the  water 
level  in  the  vat  remains  constant.  The  water  is  not  cut  oflF  until  the 
escaping  solution  no  longer  shows  any  gold  reaction.  Two  tons  of 
water  are  needed  for  one  ton  of  ore. 

The  solution  of  chloride  of  gold  is  run  out  through  an  indiarubber 
pipe,  the  bent-up  hose  (shown  in  Fig.  668)  being  let  down  when  the 
solution  is  to  be  run  off.  It  runs  through  a  wooden  launder  into 
wooden  settling  vats,  or  into  filtering  bags,  and  finally  to  the  precipi- 
tating vats.  The  mechanical  impurities  of  the  solution  are  retained 
on  the  filters  or  in  the  settling  vats ;  any  lead  present  is  also  retained, 
the  soluble  chloride  of  lead  being  converted  into  insoluble  sulphat^^ 
by  the  sulphates  present. 

The  composition  ^  of  a  clear  solution  of  gold  chloride  fn)m 
chlorinating  a  3  ton  charge  of  ore,  yielding  $163  to  the  ton,  is  given 
by  Deetken  as  follows,  the  sample  being  taken  1  minute  after  the 
discharge  cock  was  opened  : — 

Aluminium  sulphate 6*98  gi^ins 

Magnesium  sulphate L32'55      „ 

Lead  sulphate 416 

Sodium  sulphate 426*62 

Gold  chloride 1044 

Ferric  chloride        0'32      „ 

Cupric  chloride       8*95      „ 

Sodium  chloride 53600 

Silica 0-24      „ 

Free  chlorine  by  difference   ....  101  02 


it 


1227-28 


ti 


f> 


At  Mount  Morgan,  Queensland,'  chlorine  prepared  in  the  ordinary 
way  in  vessels  heated  by  steam,  is  collected  in  a  gas  meter,  and  passes 

i  Egleston,  op  cit.  p.  642.  '-*  The  MmercU  Iiujliutty,  1899,  p.  339. 
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thence  into  a  tower  filled  with  bricks,  in  which  it  is  absorbed  by  water. 
194  gallons  of  chlorine  water  are  needed  for  leaching  1  ton  of  oxidised 
ore,  and  the  yield  of  gold  is  96  to  98  per  cent.  Ores  containing 
sulphur  are  first  roasted ;  of  their  gold  content,  94  per  cent,  is  leached 
out,  4  times  as  much  chlorine  water  being  needed  as  in  the  case  of 
the  oxidised  ores.  This  method  has  supplanted  the  chlorination  in 
rotating  vessels  at  Mount  Morgan. 

The  leached  and  washed  ore  is  shovelled  into  special  vats  for 
leaching  out  the  silver  when  it  contains  any ;  otherwise  it  is  removed 
as  ban-en  tiailings. 

The  leaching  of  the  chloride  of  silver  from  the  residues  of  gold 
chlorination  is  performed  by  means  of  sodium  or  calcium  hyposulphite 
as  described  under  Silver.  The  silver  is  precipitated  from  the  solution 
as  sulphide  by  sodium  or  calcium  sulphide. 

For  example,  at  the  Sierra  Buttes  Mine,  California,  the  ore  after  it 
is  freed  from  chloride  of  gold  is  leached  for  48  hours  in  vats  5  feet 
high  and  3  feet  6  inches  in  diameter,  with  a  3  per  cent,  solution  of 
sodium  hyposulphite,  the  solution  being  afterwards  precipitated  with 
sodium  sulphide.  The  precipitate  of  silver  sulphide  thus  formed  is 
roasted  and  sold.  The  solution  vats  at  the  Providence  Works, 
California,  are  6  feet  6  inches  high  by  3  feet  6  inches  in  diameter, 
and  at  Meredith  s  Works  they  are  6  feet  in  diameter  and  3  feet 
3  inches  high. 

(6)  Chlorination  tuithout  Agitation  of  the  Ore,  when  Chlorine  is 

Generated  inside  the  Chlorination  Vat 

This  method,  devised  by  the  Swedish  engineer  Munktell,  and 
known  as  the  Munktell  process,  consists  in  charging  the  ores,  which, 
if  necessary,  are  first  submitted  to  a  chloridising  roast,  into  vats,  and 
allowing  dilute  solutions  of  calcium  hypochlorite  and  of  an  acid,  which 
are  allowed  to  mix  immediately  above  the  layer  of  ore,  to  percolate 
slowly  through  the  latter.  By  the  union  of  these  reagents  chlorine  is 
evolved,  which  converts  the  gold  into  chloride,  the  salt  being  dis- 
solved by  the  liquid.  The  latter  escapes  from  the  vats  free  from 
chlorine  and  the  gold  is  precipitated  out  of  it,  as  will  be  presently 
explained.  The  solution  of  calcium  hypochlorite  must  not  contain 
over  1  per  cent.,  and  the  acid  which  acts  on  it  must  be  so  dilute  that 
the  volumes  of  the  two  solutions  shall  be  equal. 

In  a  well-arranged  plant  two  small  vats  are  disposed  over  the 
leaching  vat,  to  be  filled  respectively  with  calcium  hypochlorite 
solution  and  acid.     These  vats  deliver  into  two  launders  that  meet 
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above  the  main  vat.  After  these  small  vats  have  been  filled  and  the 
supply  pipes  are  closed,  equal  quantities  of  the  two  solutions  can  be 
allowed  to  run  out  together. 

This  process  was  in  use  at  Kolm  Saigurn  in  the  Salzburg  Alps,  at 
Brad  in  Siebenbiirgen,  and  at  Bo  visa  in  the  Province  of  Milan,  Italy. 

At  Fahlun  it  was  used  from  1885  to  1888  for  the  treatment  of 
gold  ores  and  of  tailings  from  copper  ores.  The  tailings  contained 
41*82  grains  per  ton  of  gold  of  which  4*04  grains  were  leached  out; 
the  gold  ores  proper  contained  523*62  grains  per  ton  of  gold,  of 
which  98*85  per  cent,  was  obtained,  the  residues  containing  6*02 
grains  per  ton.  The  cost  per  ton  worked  out  to  be  12s.  2ld.  for  the 
gold  ores  and  9c?.  (exclusive  of  roasting  and  crushing)  for  the 
tailings.^ 

At  Brad,*  ores  containing  36  to  40  per  cent,  of  sulphur  and  0*86 
ounce  of  gold  and  4  ounces  of  silver  per  ton  were  roasted  with  5 
per  cent,  of  salt.  The  leaching  vessels  were  lead  lined  wooden  vats 
16  feet  6  inches  long  and  2  feet  6  inches  deep,  with  a  capacity  of  10 
tons  of  ore  and  fitted  with  the  usual  filtering  arrangementa  Leach- 
ing was  first  performed  with  warm  water,  which  took  out  the 
chlorides  of  copper  and  zinc  and  about  25  per  cent,  of  the  silver, 
and  then  with  a  2  per  cent,  solution  of  sodium  thiosulphate. 
After  this  followed  weak  sulphuric  acid  to  remove  oxides  of  inm, 
then  bleaching  powder  and  sulphuric  acid  to  dissolve  the  gold,  and 
finally  water.  The  leaching-out  occupied  10  days,  3  of  which  were 
taken  up  by  the  chlorination.  Gold  and  silver  were  precipitated 
with  sodium  sulphide.  The  cost  per  ton  of  ore  was  given  as 
£1  6s.  3d. 

At  Bovisa,  pyrites  containing  06  to  0*7  ounce  of  gold  and  2*5 
ounces  of  silver  per  ton,  34  per  cent,  of  sulphur  and  10  to  12  per 
cent,  of  arsenic,  were  roasted  to  obtain  arsenic  and  sulphuric  acid, 
and  the  residue  with  1  *5  to  2  per  cent,  of  sulphur  and  0*5  per  cent, 
of  arsenic  was  then  submitted  to  the  Munktell  process.  The  leaching 
vats  were  lead  lined  and  held  10  tons  of  ore.  The  yield  of  gold  was 
85  to  87  per  cent. ;  the  silver  was  not  extracted. 

Chlorination  with  Agitation  of  the  Ore 

This  method  '  has  hitherto  only  been  carried  out  in  rotating 
barrels.  (Sutton  proposed  fixed  vessels  provided  with  two  stirrers, 
which  were  tried  experimentally  at  Mount  Morgan,  Queensland; 
this  modification  has,  however,  not  proved  successful).  High  pressures 
have  been  employed  in  this  method,  but  have  been  again  abandoned. 

'  T.  K.  Rose,  op.  cit.  p.  269.  *  Proc.  Inst.  Civ.  Eng.  1891-2. 
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Mears  produced  such  pressure,  both  by  the  employment  of  con- 
siderable quantities  of  chloride  of  lime  and  sulphuric  acid  in  the 
chlorinating  vessel,  and  by  forcing  in  chlorine  which  was  generated 
in  separate  apparatus  outside  the  chlorinating  vessels.  Newbery  and 
Vautin  employed  liquid  chlorine  generated  inside  the  chlorinating 
vessel.  Both  methods  have  been  abandoned,  since  it  has  been  shown 
that  chlorination  proceeds  equally  well  at  low  pressures.  Pollock's 
method,  too,  of  employing  hydrostatic  pressure  never  appears  to 
have  come  into  regular  use.  The  universal  practice  now  is  to  generate 
the  chlorine  in  the  chlorinating  vessel,  as  in  the  methods  of  Thies 
and  Davis,  from  chloride  of  lime  and  sulphuric  acid ;  the  chemicals 
are  charged  by  small  quantities  at  a  time,  so  that  no  high  pressures, 
capable  of  rapidly  damaging  the  lead  lining,  can  be  produced. 

Mear's  process  was  used,  for  example,  at  Deloro,  in  Canada ;  the 
ores,  calcined  arsenical  pyrites,  carried  $79  to  $90  gold  per  ton. 
The  rotating  barrels  contained  1  to  3  tons  of  ore.  The  chlorine  was 
first  generated  in  these  barrels  from  chloride  of  lime  and  sulphuric 
acid,  which  substances  were  charged  in  large  excess,  but  it  was  after- 
wards found  preferable  to  generate  the  chlorine  outside  the  barrels 
from  salt,  oxide  of  manganese  and  sulphuric  acid,  and  to  force  it  in 
through  a  hollow  axis  of  the  barrel.  The  pressure  in  either  case  was 
30  to  40  lbs.  to  the  square  inch,  and  the  time  occupied  in  chlorination 
was  2  to  2^  hours.  The  chief  disadvantage  of  the  process  lay  in 
the  lead  lining  becoming  leaky,  and  in  the  difficulty  of  repairing  the 
same. 

The  Newbery- Vautin  process  was  used  for  a  time  at  Mount 
Morgan,  Queensland.  It  consists  in  the  use  of  liquid  chlorine  for 
chlorinating,  and  in  leaching  the  chloride  of  gold  out  of  the  ores 
under  a  partial  vacuum.  Chlorine  was  supposed  to  act  very  rapidly 
and  energetically  in  the  liquid  state,  whilst  the  vacuum  pump  made 
rapid  leaching  and  filtration  possible.  The  latter  point  was  con- 
sidered especially  important  in  the  case  of  tenacious  and  slimy  ores 
on  which  the  ordinary  Plattner  process  could  not  be  employed,  o^ 
account  of  the  difficulty  of  washing  and  filtering.  The  chlorinating 
vessel  was  a  horizontal  rotating  barrel,  made  of  iron  and  lined  with 
lead.  The  chlorine  was  generated  in  the  cylinder  from  chloride  of 
lime  and  sulphuric  acid.  Compressed  air  at  a  pressure  of  4  atmo- 
spheres was  forced  in,  which  liquefied  the  chlorine  in  the  barrel 
previously  charged  with  ore ;  the  barrel  was  then  caused  to  rotate 
and  the  chlorination  of  the  particles  of  gold  w.is  completed  in  from 
1  to  4  hours,  according  to  their  size.  The  air  was  then  allowed  to 
escape  together  with  the  chlorine,  which  again  assumed  the  gaseous 
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form  under  the  diminished  pressure,  and  passed  through  a  vat  con- 
taining lime-water,  in  which  the  chlorine  was  retained.  The  contents 
of  the  chlorinating  barrel  were  then  emptied  into  a  leaching  vessel 
provided  with  a  filter  and  suspended  on  trunnions,  which  was  placed 
below  the  barrel.  A  vacuum  pump  was  applied  below  the  filter, 
so  that  filtration  and  washing  could  be  performed  rapidly.  The 
solution  was  passed  through  a  filter  of  charcoal  on  which  the  gold  was 
precipitated. 

This  process  has  been  abandoned  and  replaced  by  chlorination 
in  wooden  lead-lined  barrels,  in  which  the  chlorine  is  generated  from 
chloride  of  lime  and  sulphuric  acid. 

Chlorination  in  horizontal  rotating  barrels  at  low  pressure  is 
nowadays  employed  by  preference,  as  it  works  nearly  as  well  as 
under  high  pressure,  and  possesses  the  advantage  that  the  leaden 
lining  of  the  barrels  is  but  little  attacked.  The  chlorine  is  best 
generated  inside  the  chlorinating  vessel,  as  it  acts  more  energetically 
in  the  nascent  state  than  when  it  is  led  in  from  the  outside. 

This  method,  known  in  the  United  States  as  the  Thies  process,  is, 
e.g.,  used  at  the  Bunker  Hill  Mine  near  Amador  City,  California,  at 
the  Phoenix  and  Haile  Mines  in  North  Carolina,  at  Deadwood, 
Dakota,  at  the  Delano  Mill  and  the  Colorado  City  Chlorination  Works, 
Colorado,  and  at  Gibbonsville,  Montana.  The  barrels  are  made 
of  wood,  cast-iron,  wrought-iron,  or  more  recently  of  steel  plates  with 
cast-iron  ends.  The  sheet  lead,  with  which  the  ban*els  are  lined,  is 
bolted  to  the  sides  of  the  barrels.  The  barrels  hold  from  1  to  10 
tons  of  ore.  Those  with  a  capacity  of  1  ton  are  3  feet  4  inches  in 
diameter  and  4  feet  6  inches  long  in  the  clear,  and  are  lined  with 
\  inch  lead.  Barrels  holding  5  tons  are  5  feet  by  8  or  9  feet  in 
the  clear  with  two  matiholes  for  filling  and  discharging.  The  lining 
is  of  J  inch  lead  and  the  cast-iron  end  plates  are  2^  inches  thick. 
Barrels  holding  85  tons  are  6  feet  by  12  feet  and  are  made  of  steel 
0*6  inch  thick,  with  end  plates  of  cast-iron.  Ribs  were  at  one  time 
fitted  inside  the  barrels  in  order  to  stir  the  ore,  but  have  been  dis- 
continued as  they  did  not  improve  the  chlorination  process.  When 
separate  filters  are  used  they  consist  of  lead-lined  boxes  with  layers  of 
sand  and  quartz  of  various  sizes.  The  new  chlorination  barrels  are 
themselves  fitted  with  filters,  consisting  of  asbestos,  sand,  or  perforata 
sheet  lead  resting  on  wood  lattice-work,  running  the  length  of  the 
barrel  and  supported  on  wooden  beams,  the  section  of  the  filter-bed 
taken  vertically  being  a  chord  of  the  circle  made  by  the  barrel. 
Above  the  filter  comes  a  lattice-work  of  wood.     Rothwell  ^  has  re- 
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placed  the  asbestos  in  the  bed  by  sand,  which 
other  modern  improvements  are  the  replacement  c 
finely  perforated  sheet  lead,  resting  on  another  she 
holes  0'4  in.  diameter,  which  is  kept  in  place  by  t 
wood. 

The  necessary  quantity  of  water  (135  to  140  j 
the  ton  of  ore)  is  first  poured  in,  and  then  the 
chemicals  for  generating  the  chlorine  are  charge< 
the  first  as  soon  as  the  ore  is  in,  the  second  when  t 
finished ;  the  time  occupied  is  4  to  8  hours,  accord 
of  the  ores.     More  chemicals  must  be  used  when 
Sulphuric  acid  must  be  added  in  excess,  so  as  t 
chloride  of  lime  is  completely  converted  into  sulpl 
ore,  if  it  contains  no  copper,  the  usual  charge  is 
chloride  of  lime  and  30  lbs.  of  sulphuric  acid  at  66' 
Mine,  in  South  Carolina,  the  charge  was  only  17 
lime,  and  20  lbs.  of  acid  at  66°  B.     At  the  Phcenis 
ore  is  cupriferous,  it  was  40  lbs.  of  chloride  of  lii 
sulphuric  acid  at  66°  B.     The  water,  ore  and  chen 
through  a  manhole,  the  door  of  which  is  closed  air-1 
an  indiarubber  ring  bearing  against  its  flange.     . 
closed,  the  barrel  is  rotated  at  the  rate  of  12  revolu 
As  soon  as  free  chlorine  can  be  detected  by  the 
is  allowed  to  revolve  for  one  hour  longer,  and  th 
emptied  on  to  a  filter.     A  hole  is  provided  in  the  1 
a  leaden  valve,  so  as  to  enable  the  gases  produced 
Two  charges  are  worked  off  in  a  day. 

The  charge  falls  out  through  the  manhole,  whic 
wards,  on  to  a  filter  placed  beneath  it.  The  latter  co: 
of  3  divisions  side  by  side,  18  inches  high,  rectangul 
these  divisions  are  of  wood  lined  with  sheet  lead, 
of  a  bottom  layer  of  coarse  quartz  pebbles,  a  mid( 
sand,  and  an  upper  one  of  fine  sand.  From  the  filt< 
gold  runs  into  a  settling  tank ;  the  residue  is  t 
water  until  the  escaping  filtrate  carries  no  gold, 
allowed  to  stand  16  hours  in  the  settling  vats, 
in  diameter  and  4  feet  high,  and  is  then  run  into 
vessels. 

At  Mount  Morgan,  the  chlorinating  barrels  are  m 
wood,  with  iron  heads,  lead  lined ;  their  inside  dii 
inches.     The  ores  carry  4  to  6  ounces  of  gold  to 
charge  is  one  ton ;  90  gallons  of  water,  40  to  48  lbs. 
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at  66°  B.,  and  35  lbs.  of  chloride  of  lime  are  added.  The  barrels 
make  6  revolutions  per  minute,  and  chlorination  is  complete  in  2 
hours.  From  the  barrels  the  charge  is  transferred  to  vats  with  filters 
of  the  above  kind,  capable  of  holding  2^  to  3  tons  of  ore.  The 
filtrate  containing  the  chloride  of  gold  is  run  into  the  precipitating 
vessels.  As  above  mentioned,  experiments  were  tried  at  Mount 
Morgan  on  chlorinating  in  fixed  oval  iron  vessels  lined  with  lead. 
Each  contained  2  stirrers,  so  set  that  the  upper  one  pushed  the  ore 
towards  the  lower.  Chlorine  was  generated  outside  the  vessel,  and 
passed  in  continuously. 

This  method  has  not  proved  successful,  and  the  leaching  is  at 
present  carried  out  with  chlorine  water,  without  agitation  of  the  ore. 

In  recently  constructed  plant  with  large  barrels  holding  3*5  to 
10  tons,  the  filter  is  in  the  barrel  itself  and  the  filtration  is  carried 
out  under  water  pressure.^  Chlorination  lasts  1*5  to  6  hours  and  1 
ton  of  ore  consumes  26  lbs.  of  bleaching  powder  and  15  to  18  lbs.  of 
sulphuric  acid  of  density  66"  B.  The  method  of  working  is  as 
follows : — 

The  space  under  the  filter  is  first  filled  with  water,  which  passes 
through  the  filter  and  washes  it ;  then  the  requisite  quantity  of  water 
is  run  in  above  the  filter.  Sulphuric  acid  is  run  in,  and  this 
collects  at  the  bottom  of  the  barrel.  Ore  is  now  charged  in  through 
the  manholes,  using  these  alternately,  then  follows  the  bleaching 
powder  in  two  lots  which  is  mixed  up  with  the  dry  ore.  The  barrel  is 
closed  and  rotated,  and  at  the  end  of  the  reaction,  which  lasts  1^  to 
2  hours  at  Deadwood,  it  is  brought  into  such  a  position  that  the 
filter  lies  horizontally.  The  hose  is  attached  to  the  outlet  pipe  and 
the  solution  run  into  the  settling  tanks,  and  at  the  same  time  water 
is  pumped  into  the  barrel  at  a  pressure  not  exceeding  40  lbs.  to  the 
square  inch.  The  air  in  the  top  part  of  the  barrel  is  compressed  and 
forms  an  elastic  cushion,  which  gives  the  wash- water  perfect  fi-eedom 
to  circulate  evenly  over  the  whole  surface  of  the  charge,  and  wash 
every  portion  of  it  thoroughly.  By  washing  in  this  way,  the  chlorine  i^ 
all  absorbed  by  the  water  and  cannot  escape  into  the  building.  At 
definite  intervals  the  leaching  is  suspended  and  the  barrel  is  again 
revolved  for  a  few  minutes, so  that  itscontents  are  thoroughly  mixed  up, 
and  the  formation  of  channels,  with  consequent  imperfect  leaching,  is 
avoided.  The  time  occupied  by  leaching  and  washing  varies  accord- 
ing to  the  ore  and  the  pressure  applied,  being  about  40  minutes  for 
a  pressure  of  30  to  40  lbs.  per  square  inch ;  the  quantity  of  water 
used  is  about  120  gallons  per  ton  of  ore.     After  the  leaching  is  over 

1  T.  K.  Rose,  op.  cii.  pp.  281,  258. 
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the  barrel  is  emptied  by  opening  the  man-holes  and  revolving,  and 
the  filter  is  washed  by  a  jet  of  water. 

The  liquors  from  the  barrel  are  run  through  a  hose  pipe  into  a 
series  of  lead-lined  settling  tanks  10  feet  by  7^  feet,  from  which  they 
are  pumped  into  precipitating  vats.  At  the  Independence  Mill  the 
slimes  are  pressed  in  a  filter  of  asbestos  cloth. 

At  the  Golden  Reward  Chlorination  Works,  Dakota,^  the  barrels 
hold  3^  to  5  tons.  The  5-ton  barrels  are  made  of  ^-inch  steel  9  feet 
long  and  5  feet  in  diameter  inside,  lined  with  ^-inch  lead  of  24  lbs. 
to  the  square  foot.  The  trunnions  are  12  inches  in  diameter  and  the 
charging  holes  are  oval,  11  by  16  inches.  A  3-inch  iron  bar,  covered 
with  lead,  passes  through  the  trunnions  and  the  entire  length  of  the 
barrel.  The  filter  is  made  of  asbestos  cloth  and  is  30  square  feet  in 
area;  chlorination  lasts  1^  to  2  hours,  and  the  water  pressure  is 
40  lbs.  per  square  inch.  In  24  hours,  6  charges  are  put  through, 
1  ton  of  ore  requiring  25  to  29  lbs.  of  sulphuric  acid  and  10  to  11  lbs. 
of  bleaching  powder.  The  yield  of  gold  is  92  per  cent,  and  the  total 
cost  3*77  dollars  per  ton.  The  crushing  of  the  ores  is  done  in 
Krom  rolls,  the  roasting  in  White-Howell  furnaces. 

At  the  Colorado  City  Chlorination  Works,  the  ores  are  broken  in 
Gates'  crushers  and  then  crushed  in  rolls  to  pass  through  a  12-sieve, 
5  rolls,  each  14  by  30  inches,  putting  through  230  to  250  tons  in  24 
hours.  The  roasting  is  done  in  Ropp  and  Pearce  furnaces.  The  chlor- 
ination barrels  are  6  feet  in  diameter  and  12  feet  long,  and  make  4 
revolutions  with  a  charge  of  19,000  lbs.  They  are  made  of  f  steel 
shell  lined  with  lead  and  fitted  with  cast-iron  end  pieces,  and  contain 
filters  of  finely  perforated  sheet  lead,  resting  on  f  sheet  lead  with  holes 
f  inch  in  diameter,  which  are  supported  by  two  frames  of  hard  wood. 
Each  charge  is  worked  oflF  in  3  hours,  and  filtering  occupies  45 
minutes  to  4  hours,  at  a  pressure  of  20  to  40  lbs.  per  square  inch. 
The  liquors  pass  into  settling  tanks,  then  into  precipitating  vats, 
where  the  gold  is  thrown  down  with  hydrogen  sulphide.^ 

At  Delano  Mill,  Boulder  County,  Colorado,  ores  containing 
45  per  cent,  of  iron,  89*5  of  silica,  1*5  of  lime,  0*25  of  magnesia,  2*2  of 
sulphur,  O'l  of  copper,  and  065  and  1*25  ounces  per  ton  of  gold  and 
silver  respectively,  are  rolled  to  pass  through  a  20-sieve  and  then 
roasted  in  a  Pearce  furnace,  the  roasted  ore  being  cooled  for  20 
minutes  in  a  series  of  120  pipes,  each  3  inches  in  diameter  and  4 
feet  long,  which  are  fixed  in  a  sloping  position  and  kept  cool  by 
running  water. 

^  T.  K.  Rose,  op,  cit.  p.  278. 

«  The  Mineral  Industry,  1899,  p.  344. 
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The  barrels  hold  5  tons  and  consist  of  a  ^-inch  steel  shell  with 
end  plates  of  cast-iron.  The  diameter  is  6  feet,  the  length  8  feet  in 
the  clear,  and  the  lining  is  of  sheet  lead  weighing  18  lbs.  to  the 
square  foot  on  the  sides  and  24  lbs.  on  the  ends.  The  man-hole  is 
12  by  16  inches  and  the  filter  outlet  tubes  2  inches  in  diameter. 
Five  revolutions  are  made  in  a  minute,  and  the  chlorination  lasts  2i 
hours,  10  lbs.  of  bleaching  powder  and  20  lbs.  of  sulphuric  acid 
going  to  1  ton  of  ore.  Gold  is  precipitated  by  hydrogen  sulphide. 
The  total  cost  of  chlorination  per  ton,  exclusive  of  general  costs,  is 
1  dollar  for  wages,  55  cents  for  chemicals,  50  cents  for  fuel,  and  49 
cents  of  miscellaneous — in  all  2*54  dollars.^ 


Precipitation  of  Gold  from  the  Solution  of  its  Chloride 

As  already  explained,  the  chloride  of  gold  is  dissolved  in  the 
chlorinating  vessels  themselves,  when  the  ore  is  at  rest  during 
chlorination,  and  on  filters  either  in  these  or  in  separate  vessels  when 
the  ore  is  kept  in  motion  during  chlorination. 

Sutton  has  proposed  to  separate  the  solution  from  the  residues 
centrifugally.  His  machines,  as  erected  experimentally  at  Mount 
Morgan,  are  furnished  with  a  lining  of  asbestos  cloth.  The  residues 
then  remain  in  the  central  compartment,  whilst  the  solution  of  gold 
chloride  is  thrown  out ;  water  or  steam  is  admitted  to  wash  the 
residues.     Nothing  is  yet  known  of  the  efficiency  of  this  method. 

The  solution  of  chloride  of  gold  and  the  washings  are  often 
run  into  settling  tanks  before  they  pass  to  the  precipitating 
tanks. 

The  gold  is  generally  precipitated  by  ferrous  sulphate  or  bv 
charcoal.  Recently  also  sulphuretted  hydrogen  has  been  used  with 
good  results,  the  remaining  free  chlorine  being  first  converted  into 
hydrochloric  acid  by  means  of  sulphurous  acid.  Other  precipitant^^ 
such  as  sulphides  of  copper  or  iron  have  been  suggested,  but  have 
never  come  into  regular  use. 

Owing  to  the  length  of  time  that  gold,  precipitated  by  ferrous 
sulphate,  takes  to  settle,  this  method  is  only  used  at  smaller  works. 
Charcoal  reduces  gold  solutions  very  slowly  and  is  but  seldom  used 
as  at  Mount  Morgan.  Hydrogen  sulphide  along  with  sulphur 
dioxide  is  at  present  employed  at  most  works  which  have  to  deal 
with  large  quantities  of  gold  solution. 

Ferrous  sulphate  is  one  of  the  oldest  precipitants  for  gold.     It  is 

1   The  Minervd  InrluMry,  1899,  p.  342. 


prepared  at  the  WDrkn  by  dissolving  iron  in  sulphuric  i 
reacts  with  gold  chloride  according  to  the  equation  : 

2AuCl,+6FeSO,=AH^+FeiCl8+2Fej(SO^)3. 

Theoretically  1  part  of  sulphate  reckoned  as  iron  sho    . 
IJ^  parts  of  gold  from  its  solutions,  but  as  a  matter  of      . 
more  sulphate  is  needed  in  practice,  owing  to  its  becomin 
by  the  air  and  by  the  chlorine  in  solution. 

Lead,  calcium,  strontium  and  barium  are  thrown  out  i   i 
the  gold  as  insoluble  sulphates ;  basic  iron  salts  are  kept  i 
by  the  addition  of  sulphuric  acid,  which  acid  is  added  befi   ■ 
sulphate  to  remove  lime  and  lead  salts  when  present  in  qt 

When  this  Salt  is  used,  the  precipitating  vessels  are  w(  i 
painted  like  the  chlorinating  vats.     They  are  wider  at  t  i 
than  at  the  top,  their  diameters  being  5   feet  6  inches  U 
inches  at  the  top,  and  6  feet  6  inches  to  7  feet  at  the  b.  : 
their  height  2  to  3  feet.     The  bottom  is  made  of  Portland   ; 
of  a  mixture  of  asphalt 
and     cement     heated 
together. 

The  construction  of 
such  a  vat  is  shown  in 

Fig.  671.     After  the  I 

gold  has  been  preoipi-  I 

tated    and   has    been  I 

allowed  to  settle,  the 

solution     is     run    off  no.  en.  ' 

through  the  india- 
rubber  hose  n,  the  upper  part  of  which  is  so  fastened  to  i 
float  M,  that  the  top  end  of  the  hose  always  remains  in  I 
and  therefore  falls  as  the  level  of  the  solution  descends, 
to  prevent  any  precipitated  gold  from  escaping,  the  float  .A' 
of  such  a  size  that  the  open  end  of  the  hose  can  never  : 
to  the  bottom  of  the  vat.  After  the  vat  is  cleaned  out, 
together  with  the  solution  still  remaining  in,  is  run  out 
the  tap  0. 

Whilst  the  ferrous  sulphate  solution  is  being  added,  the  £< 
stirred  with  wooden  poles.  The  vat  is  then  covered  up,  and 
allowed  to  settle  for  at  least  12  hours  and  sometimes  48  to  '. 
At  the  end  of  this  time,  the  supernatant  solution  is  run  off, 
described,  into  large  settling  vats,  in  which  it  deposits  i 
amount  of  gold,  and  is  then  Altered  through  layers  of  sa' 
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sand  contained  in  wooden  vessels,  so  as  to  collect  the  last  particles  of 
gold  on  these  filters.  The  sawdust  is  burnt  and  the  gold  collected  in 
the  ashes ;  the  sand  is  chloridised  with  the  ores. 

The  precipitated  gold  is  washed  and  treated  with  salt  and 
sulphuric  acid  to  remove  the  salts  of  iron  still  retained  by  it.  In 
order  to  free  it  from  water,  it  is  wrapped  in  cloth  and  pressed,  or 
filtered  through  paper ;  finally  it  is  melted  with  salt,  borax  and  nitre 
in  graphite  crucibles.  The  fineness  of  the  gold  thus  obtained  averages 
800  to  960  per  thousand,  the  impurities  being  usually  iron  and  lead. 

The  precipitation  with  ferrous  sulphate  has  the  disadvantage  that 
the  precipitated  gold  only  settles  slowly  from  the  solution,  the  latter 
still  showing  a  purple  colour,  due  to  the  presence  of  gold  for  days 
after  the  precipitation.  Solutions  of  gelatine  and  tannin,  which 
accelerate  the  deposition  of  other  precipitates,  are  jpoperative  in  this 
case. 

Sutton  uses  petroleum  for  the  rapid  collection  of  the  precipitated 
gold  and  separates  the  latter  from  the  solution  centrifugally.  Pre- 
cipitation is  performed  in  an  iron  vessel  lined  with  lead,  and  provided 
with  two  stirrers.  The  solution  of  chloride  of  gold  is  stirred  for  only 
a  few  minutes  with  ferrous  sulphate  and  petroleum,  and  solution  and 
precipitate  are  then  transferred  together  to  small  centriiugal  separa- 
tors. The  residues  remain  in  the  central  compartment,  whilst  the 
solution  is  flung  out  of  it ;  the  latter  passes  to  a  vessel  in  which  the 
petroleum  is  separated  from  the  iron  solution  and  used  over  again  to 
collect  a  fresh  quantity  of  gold.  Experiments  on  this  method  of 
precipitation  are  in  progress  at  Mount  Morgan,  but  nothing  is  known 
as  to  the  results. 

The  application  of  charcoal  as  a  gold  precipitant  is  usually 
ascribed  to  Percy  (1869),  though  according  to  Wurtz  ^  it  was  pro- 
posed and  published  by  Hare  and  Henry  in  1818  and  1819.  It  was 
first  employed  on  a  large  scale  by  Davis  in  1880  at  a  cblorination 
works  in  Carolina. 

The  action  of  charcoal  on  gold  solutions  is  not  thoroughly  under- 
stood. In  the  cold  the  reaction  proceeds  very  slowly,  and  not  ven* 
fast  in  boiling  solutions.  It  does  not  affect  any  chlorine  that  maybe 
present  in  solution,  and  accordingly  this  gas  must  be  removed  when 
present,  by  boiling  off,  or  by  bubbling  air  through  the  solution.  It  is 
commonly  thought  that  the  reducing  gases,  like  hydrogen  and 
hydrocarbons,  occluded  in  the  charcoal,  effect  the  precipitation  of 
gold  with  simultaneous  formation  of  hydrochloric  acid. 

The  solution  is  allowed  to  run  at  the  rate  of  20  gallons  per  honr 

1   The  Mineral  Industry,  1896,  pp.  315-319. 
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through  a  layer  of  charcoal  powder  28  inches  deep,  supported  by  a 
quartz  filter.  To  collect  the  last  portions  of  the  gold,  the  escaping 
solution  is  run  through  a  second  vat  similarly  arranged.  According 
to  Davis,  240  grains  of  charcoal  are  required  to  precipitate  19  J  grains 
of  gold.  In  order  to  determine  what  quantities  of  gold  are  pre- 
cipitated at  different  heights  in  the  charcoal  filter,  5,400  gallons  of 
solution  were  allowed  to  run  through  a  filter  20  inches  deep ;  after 
precipitation  of  the  gold,  this  was  divided  into  4  horizontal  layers, 
each  5  inches  deep,  and  the  quantity  of  gold  in  each  was  determined. 
The  results  were  as  follows : — 

Topmost  layer 2  ounces  95  grains  gold. 

Second        „ 2     „       99  „ 

Third  „ 1       „       22 


Bottom       „ 1       „      62 


)) 


The  charcoal  containing  the  gold  is  dried  in  the  air  and  burnt  in 
a  muffle  furnace;  the  ashes  are  treated  with  hydrochloric  acid  to 
remove  soluble  salts,  washed,  dried  and  melted  in  crucibles. 

At  Mount  Morgan,  where  this  process  is  in  operation,  two  sizes  of 
charcoal  are  used,  viz.,  coarse  charcoal,  which  passes  through  a 
20-sieve  and  is  stopped  by  a  30-sieve,  and  fine  charcoal,  which  is 
stopped  by  a  40-sieve  but  passes  through  a  30-sieve.  The  charcoal  is 
washed  to  free  it  from  dust,  and  then  packed  at  least  18  inches  high 
in  the  filter,  care  being  taken  that  spaces  at  the  sides  are  not  left  for 
the  liquid  to  trickle  through  without  coming  in  contact  with  the 
charcoal.  At  the  bottom  of  the  filter  is  a  massive  perforated  lead 
plate,  and  upon  this  rest  in  order,  1  cubic  foot  of  coarse  charcoal, 
8  cubic  feet  of  fine  charcoal  and  3  cubic  feet  of  coarse  charcoal.  The 
gold  solution  is  filtered  hot;  it  leaves  the  filters  with  000316  to 
000787  ounce  per  ton  of  gold  and  is  run  into  cement  tanks  which 
contain  a  layer  a  foot  thick  of  sawdust  resting  on  a  perforated  lead 
plate.  The  sawdust  is  burned  every  half  year,  and  the  ashes,  which 
contain  200  to  300  ounces  of  gold  per  ton,  are  sold  to  smelting 
works. 

The  ashes  from  the  charcoal  only  contain  5  to  10  per  cent,  of  gold 
when  the  chlorination  has  been  carried  out  in  barrels  ;  after  the 
introduction  of  fixed  vessels  for  the  chlorination  the  content  of  gold 
rose  to  30  per  cent.  These  ashes  were  amalgamated,  and  yielded 
rich  slimes  containing  1,200  ounces  of  gold  per  ton,  which  were  sold 
to  the  smelting  works.  To  obviate  this,  melting  the  ashes  with 
fluxes  in  crucibles  was  resorted  to,  and  the  crucibles  were  replaced 
later  by  small  reverberatories,  since  their  working  capacity  was  found 
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to  be  small,  and  in  addition  slags  were  obtained  rich  in  gold 
which  had  to  be  recovered  by  amalgamation.  The  hearths  of  these 
furnaces  are  made  of  fire-brick  set  in  a  cast-iron  box.  A  mixture  of 
two  parts  of  ashes,  one  part  of  soda  ash  and  one  part  of  borax  is 
moistened  with  water  and  placed  in  the  furnace.  The  mass  hardens 
immediately,  so  that  but.little  gold  is  carried  away  mechanically  with 
the  flue  dust;  in  fact  after  working  for  6  months,  during  which 
75,000  ounces  of  gold  had  been  melted  down,  the  flue  for  a  length  of 
25  feet  was  taken  down,  crushed  and  treated  for  gold.  It  contained 
35  ounces  per  ton,  of  which  the. greater  part  came  from  the  first 
8  feet  of  the  flue.  The  hearth  is  quickly  attacked  by  the  alkaline 
fluxes,  and  lasts  from  3  to  4  months.  At  the  end  of  this  time  it  is 
broken  up,  the  larger  grains  of  gold  separated,  and  the  rest  finely 
powdered,  the  total  yield  of  gold  from  a  hearth  being  2,009  ounces. 
The  capacity  of  the  furnace  is  9,000  ounces.  After  the  charge  has 
been  from  4  to  5  hours  in  the  furnace,  the  slag  which  separates  bom 
the  gold  is  tapped  into  a  pot  holding  9,000  ounces,  and  flows  thence 
into  the  slag  pots.  The  slag  contains  20  to  30  ounces  per  ton  of 
gold,  which,  however,  cannot  be  recovered  by  the  amalgamation 
method.  After  the  slag-tapping,  the  furnace  is  strongly  fired  to  melt 
the  semi-fluid  gold,  and  after  about  1^  hours  heating  the  gold  is  cast 
into  ingots.^ 

Both  the  methods  of  precipitation  with  fen'ous  sulphate  and  with 
charcoal,  as  hitherto  practised,  take  up  much  time.  Sulphuretted 
hydrogen  in  conjunction  with  sulphur  dioxide  has  recently  been  used 
at  several  works  in  order  to  precipitate  and  collect  the  gold  more 
rapidly. 

This  method,  for  example,  is  being  used  with  success  at  the 
Golden  Reward  Chlorination  Works,*  near  Deadwood,  South  Dakota, 
U.S.A.,  and  at  Delano  Mill,  Colorado.  It  consists  in  first  removing 
the  free  chlorine  contained  in  the  gold  chloride  solution  by  passing  in 
sulphur  dioxide,  in  accordance  with  the  following  equation : — 

CI2+ SO2+ 2Efi  =  H^SO.-h  2HC1. 

Sulphuretted  hydrogen  is  then  passed  into  the  solution  and  the  gold 
precipitated  as  auric  sulphide,  thus : — 

2AUCI3  +  3H2S  =  AujSg  -h  6HC1. 

The  precipitation  is  rapid,  and  the  precipitate  is  separated  from  the 
solution  by  means  of  a  filter  press. 

*  The  Mineral  Industry,  1899,  p.  339. 

2  Trails.  A.I.M.E.  18>2,  p.  314.     Ot'iterr.  ZtiUchr.  J 893,  p.  148.  . 


The  sulphur  dioxide  is  produced  by  buroing  sulphur,  and  is 
forced  into  the  gold  chloride  solution  by  means  of  compressed  air ; 
the  sulphuretted  hydrogen  is  generated  by  the  action  of  dilute 
sulphuric  acid  on  sulphide  of  iron  ur  coarse  matte,  and  is  forced  in  in 
the  same  way.  The  precipitate  of  sulphide  of  gold  contains  a  certain 
amount  of  sulphur,  together  with  sulphides  of  arsenic,  antimony, 
copper  and  silver.     It  is  roasted  in  a  muffle  furnace  and  melted  in 


crucibles  with  nitre,  soda  and  borax.     The  gold  so  obtained  has  a 
fineness  of  900  to  950  parts  per  thousand. 

The  arrangement  of  the  precipitating  plant  is  shown  in  Fig,  672, 
The  precipitating  tank,  10  ft.  x  12  ft.  and  12  ft  high,  made  of  wood, 
lined  with  sheet  lead,  is  shown  at  x.  ^  is  an  opening,  pi-ovi<led  with 
a  cover,  through  which  the  solution  of  chloride  of  gold  (about  7,000 
gallons)  is  run  in,  whilst  at  B  is  an  outlet  pipe  for  air  and  gases. 
The    sulphur   dioxide    and    sulphuretted    hydrogen    arc    admitted 
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through  the  lead  pipe  r,  the  lower  horizontal  portion  of  which  is 
perforated  by  numerous  holes,  and  which  is  coupled  at  j&  to  the  iron 
pipe  V.  The  solution  is  run  through  the  pipe  w  into  the  filter 
press  T;  y  is  a  pipe  that  can  be  closed  with  a  wooden  plug,  through 
which  the  precipitated  sulphide  of  gold  can  be  run  out.  Z  is  & 
pressure  tank  made  of  boiler  plate,  4  ft.  in  diameter  and  4  ft  6  in. 
high,  capable  of  standing  a  pressure  of  150  lbs.  to  the  square  inch ; 
it  receives  the  precipitated  sulphide  of  gold  through  the  manhole  i  by 
means  of  the  indiarubber  hose  pipe  y.  Compressed  air  is  forced  in 
through  the  pipe  t,  and  the  precipitate  is  thus  forced  into  the  filter 
press  T  through  the  pipe  u.  , 

H  is  the  sulphur  dioxide  generator,  which  is  also  made  of  boiler 
plate  and  capable  of  standing  a  pressure  of  150  lbs.  per  square  inch. 
It  is  2  ft.  3  ins.  high  and  4  feet  in  diameter.  Sulphur  is  burnt  in  it  by 
means  of  compressed  air.  The  sulphur  is  contained  in  the  cast-iron 
pan  F,  whilst  compressed  air  is  admitted  by  the  pipe  n.  The 
sulphur  dioxide,  together  with  the  excess  of  air,  pass  through  the 
pipe  0,  when  the  valve  b  is  opened,  into  the  tubes  v  and  r,  and  thence 
into  the  solution  of  chloride  of  gold. 

The  sulphuretted  hydrogen  is  produced  in  the  generator  (?,  of  the 
same  make  and  dimensions  as  the  former,  but  lead  lined  as  a  protec- 
tion against  the  action  of  the  sulphuric  acid.  Two  inches  above  the 
bottom  is  a  perforated  false  bottom  made  of  sheet  lead ;  this  carries 
the  sulphide  of  iron,  which,  together  with  the  sulphuric  acid,  is 
charged  through  a  manhole.  The  valve  d  being  open  and  b  closed, 
the  sulphuretted  hydrogen  passes  through  the  pipes  v  and  r  into  the 
precipitating  tank.  By  drawing  out  a  plug  at  the  side,  the  liquid  in 
the  generator  is  run  out  into  the  asphalted  wooden  discharge  trough 
p.  To  promote  the  evolution  of  sulphuretted  hydrogen,  compressed 
air  is  forced  into  the  generator  through  the  pipe  n,  the  valve  c  being 
opened  and  a  closed.  The  air  escapes,  charged  with  sulphuretted 
hydrogen,  into  the  solution  of  chloride  of  gold. 

A  new  sulphuretted  hydrogen  generator  is  shown  in  Figs.  673 
and  674.^  It  has  the  form  of  a  cylinder  and  is  made  of  lead-lined 
wrought-iron  with  a  lid  of  cast-iron  ;  ft  is  a  lead-lined  partition  with 
a  hole  in  the  middle  through  which  passes  the  lead  pipe  e  perforated 
at  the  top.  The  acid  holder  is  shown  on  the  left  side  of  the  figure, 
the  acid  entering  the  cylinder  from  this  below  the  partition.  The 
sulphide  of  iron,  in  pieces  not  larger  than  a  cubic  inch,  rests  on  the 
partition  6.  Water  is  first  run  in  until  it  forms  a  layer  4  inches  deep 
on  the  bottom  of  the  apparatus ;  this  is  then  closed  tight  and  the 

^   The  Mineral  Industry,  1898.  p.  281. 
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requisite  amount  of  sulphuric  acid  •added.  Compressed 
let  in  at  g.  This  forces  the  acid  through  c  into  conta 
sulphide  of  iron  and  escapes  finally  along  the  same  pi; 
upper  chamber  driving  the  hydrogen  sulphide  out  at 
precipitating  vats.  With  an  apparatus  of  this  descr 
possible  to  precipitate  the  gold  from  10,000  gallons  of  so 
minutes.  As  the  gold  is  thrown  out  before  the  copper,  ii 
with  careful  working  to  leave  the  greater  part  of  th( 
solution. 

The  removal  of  the  free  chlorine  and  the  precipita 
gold  take  place  rapidly.  After  the  precipitation,  the  pi 
allowed  to  settle  for  2  hours,  and  the  supernatant  solutic 


Fio.  073. 


Fig.  674. 


off  through   the   pipe  to  into  the  filter  press,  by  means 
hydrostatic  pressure,  the   precipitating  tank   being  plac(  i 
above  the  press.     In  3  to  4  hours  after  precipitation,  the  tai  i 
to  receive  a  fresh  charge  of  gold  chloride  solution.     The  p 
sulphide  of  gold  collects  on  the  bottom  of  the  precipitai 
every  two  months  it  is  run  into  the  pressure  tank  and  the 
into  the  press. 

The  muffle  furnaces  for  roasting  the  sulphide  of  gold  ]  i 
are  represented  in  Figs.  675  to  678.^  They  are  made  of  ci 
inch  thick,  and  work  off  the  daily  yield  from  100  tons  of 
hours.  The  precipitate  from  the  filter  presses  is  put  ini 
made  of  wrought-iron  44  inches  long,  24  inches  wide,  an( 
deep.  These  are  then  placed  in  the  furnaces  and  heated  b< 
red,  the  roasting  occupying  1  hour.     It  is  not  necessary  to  s 

*  The  Mineral  hidmtryy  1898,  p..  281. 
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At  the  Gold  Reward  Chlorination  Works,  the  treatment  of  2,500 
gallons  of  solution  requires  2  lbs,  of  sulphur,  4  to  5  lbs.  of  iron 
sulphide,  16  lbs.  of  sulphuric  acid,  and  9  gallons  of  water,  and  the 
total  cost  per  ton  of  ore,  inclusive  of  crushing,  roasting,  chlorination 
and  repairs,  is  5  to  6  dollars.' 

For  the  working  of  75  tons  of  ore  daily  by  chlorination  in 
revolving  barrels  and  precipitation  of  gold  iia  sulphide,  there  are 
needed  8  to  5  tons  of  coal  or  6  cords  of  wood  for  power,  8  to  9  tons 
of  coal  or  9  to  10  cords  of  wood  for  roasting ;  other  requisites  per  ton 
of  ore  arc,  10  to  12  lbs.  of  bleaching  powder  and  15  to  25  lbs.  of 
sulphuric  acid  for  the  chlorination;  1  lb.  of  iron  sulphide,  0'25  lb.  of 
sulphur,  and  25  lbs.  of  sulphuric  acid  for  the  precipitation ;  and  500 
gallons  of  water  for  steam  and  for  chlorination. 

Freshly  precipitated  sulphide  of  copper  has  also  been  proposed  as 
a  precipitant  for  the  gold ;  this  substance  is  to  be  contained  in  a 
series  of  filters  placed  one  below  the  other,  through  which  the  gold 
solution  would  have  to  percolate.  Sulphide  of  copper  (CuS)  preci- 
pitates gold  according  to  the  equation : — 

3CuS  +  2AuCla  =  3CuCI,+ Au^j, 

at  the  same  time  a  certain  amount  of  metallic  gold  is  formed, 
thus : — 

3CuS  +  8  AuClj,  +  12HjO  =  8Au  +  24HC1  +  SCuSO,. 

The  copper  sulphide  should  be  applied  in  the  form  of  grains.  This 
method,  however,  has  not  come  into  use;  nor  has  Blomfield's* 
proposal  to  use  cuprous  sulphide,  prepared  by  melting  copper  and 
sulphur  together,  found  any  practical  application,  since  gold 
precipitated  in  this  way  is  strongly  contaminated  with  copper. 

Fused  or  precipitated  iron  sulphide  is  said  to  work  more  quickly 
than  sulphide  of  copper,  and  to  be  free  from  many  of  its 
disadvantages. 

Rose '  states  that  iron  turnings  form  a  more  rapid  precipitant  foi 
gold  than  any  other  solid  body.  After  iron,  which  works  more  quickly 
than  other  reducing  agents  at  100°,  follow  in  order,  ferrous  sulphide, 
copper  sulphide,  charcoal,  ferrous  sulphate,  and  metallic  copper. 

Sulphur    dioxide     precipitates     gold     completely    from    dilute 
solutions.     The  precipitation  proceeds  very  slowly  in  the  cold,  more 
'  T.  K.  Rose,  op.  til.  p.  285. 
*  Eng.  and  Min.  Jtmm.  January  24,  1891. 
>  Op.  eU.  p.  266. 
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quickly  on  warming,  and  the  gold  settles  down  only  after  a  consider- 
able lapse  of  time.  Experiments  on  the  use  of  this  reagent  on  a 
large  scale  at  Deadwood  brought  out  the  fact  that  the  precipitated 
gold  is  so  finely  divided  that  it  cannot  be  held  back  by  the  filters. 

Electrolytic  separation,  although  used  with  cyanide  solutions,  has 
not  yet  been  applied  to  solutions  of  gold  chloride. 

Other  precipitants  which  have  not  yet  found  application  on  a 
large  scale  are  zinc,  lead,  tin,  bismuth,  arsenic,  antimony,  aluminium, 
cadmium,  nickel,  mercury,  silver,  hydrogen,  stannous  chloride,  oxalic 
acid,  alkaline  saccharine  solution,  sugar,  and  ether.  In  presence  of 
lime  salts,  the  chloride  of  iron  is  preferable  to  the  sulphate,  since 
it  does  not  bring  about  a  precipitation  of  calcium  sulphata 
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The  general  arrangement  of  a  number  of  works,  is  shown  in  Figs. 
679  to  683. 

Fig.  679  is  the  ground  plan  of  a  works  designed  by  Aaron  to  treat 
argentiferous  gold  ores.  On  the  one  side  is  the  plant  for  the  dry,  on 
the  other  for  the  wet  processes.  The  calcining  furnace  is  shown  at^, 
with  its  charging  hopper  A  ;  jFand  G  are  arrangements  for  drying  the 
ore.  There  is  a  furnace  at  L  for  melting  the  gold,  and  the  stack  is  shown 
at  K.  R  are  the  chlorination  vats  ;  after  the  gold  has  been  leached 
out  in  these,  the  silver  is  leached  out  by  means  of  hyposulphites. 
The  gold  precipitating  vats  are  show^n  at  Z7,  those  for  silver  at  $ ;  A 
is  a  tank  for  holding  hyposulphite  solution,  and  Z  the  chlorine 
generator. 

Figs.  680  and  681  show  the  works  at  Providence  Mine  in  Nevada 
City,  California ;  here  the  plant  is  arranged  in  terraces.  The  calcin- 
ing furnaces  with  oval  hearths  are  shown  at  a ;  6  are  the  chlorine 
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generators  standing  on  the  same  level ;  G  are  chlorinating  vats,  the 
covers  of  which  can  be  lifted  by  a  travelling  set  of  pulley  blocks  ;  0  is 
a  vat  for  hyposulphite  solution  ;  D  the  vats  in  which  the  chloride  of 
silver  is  dissolved  out  by  means  of  it ;  E  are  gold  precipitating  vats. 
and  F  vats  for  throwing  down  the  silver. 

Figs.  682  and  683  represent  a  plant  for  treating  gold  ores  that  do 
not  carry  silver.     -4  is  a  Briickner  calciner ;  a  are  chlorinating  vessels 
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carried  on  trunnions ;  h  is  the  chlorine  generator  ;  d  are  the  precipi- 
tating vats ;  e  is  a  vat  filled  with  sawdust,  through  which  the  liquor 
from  the  precipitating  vats  is  filtered.  The  exhausted  residues  are 
dumped  out  of  the  chlorinating  vessels  a  into  the  car  c. 

When  chlorination  barrels  are  used'  the  plant  is  laid  out  in  terraces 
if  possible.  The  ore  is  carried  by  lifts  to  the  storage  bins,  and  fed 
from  these  into  the  barrels  beneath  by  means  of  shoots.     Under  the 
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sulphide.  Hinmann  and  Cassel  have  worked  out  a  method  which 
consists  in  generating  the  bromine  in  the  vat  itself  from  bromide  and 
bromate  of  sodium  and  sulphuric  acid,  the  bromine  compounds  being 
regenerated  by  absorbing  in  soda  the  bromine  liberated  in  later 
operations  by  the  action  of  chlorine  on  the  gold  bromide  solutions. 

This  method  has  been  developed  at  the  Nelly  Bly  works  in  the 
Boulder  District  ^  and  has  been  tried  experimentally  in  London.  The 
ores  which  contain  gold,  native  or  as  telluride,  are  ground  in  a  ball 
mill  to  pass  through  a  20  to  30  mesh  sieve,  roasted  sweet  in  a  Brown 
Horseshoe  furnace,  and  then  brominated  in  a  revolving  iron  barrel 
lined  with  lead  and  fitted  with  a  filter  of  coarse  sand.  For  this 
purpose  the  ores  are  moistened  with  sulphuric  acid,  an  alkaline  2  per 
cent,  solution  of  sodium  bromide  and  bromate  added  either  from 
above  or  below  the  ore,  and  the  reaction  allowed  to  proceed  for  fix>m 
3  to  5  hours. 

Bromine  is  liberated  according  to  the  equation  : — 

NaBrOj + 5NaBr + 3H2SO,  =  3Na2SO^ + ZRfi + 3Brj, 

and  the  bromine  thus  set  free  attacks  the  gold,  forming  the  bromide 
of  gold.  The  filtered  solution  is  then  made  to  trickle  down  a  tower 
20  feet  high  filled  with  earthenware  pipes,  up  which  passes  a  stream 
of  chlorine  and  steam.  The  chlorine  replaces  the  bromine  from  its 
combination  with  gold: — 

2AuBr3 + 3CI2  =  2AUCI3 + SBry 

Chloride  of  gold  flows  away  at  the  bottom  of  the  tower,  whilst  the 

bromine  is  carried  by  the  steam  into  a  second  tower,  in  which  it 

comes  in  contact  with  caustic  soda,  reacting  with  it  according  to  the 

equations : — 

2NaOH  +  Brg = NaBr + NaBrO + H^O 

NaBrO  +  2Br2 + 2Na20  =  NaBrOg + 4NaBr. 

The  solution  of  hypobromite  is  yellow  in  coloui*  and  has  a  sweetish 
smell  resembling  jasmine.  By  heating  it  is  converted  into  bromide 
and  bromate,  thus  regenerating  the  original  solution,  which  may  then 
be  used  afresh. 

3NaBrO  +  3NaBr = NaBr03 + 5NaBr. 

The  loss  of  bromine  is  given  as  4  per  cent.,  the  extraction  of  gold  as  97 
per  cent,  for  telluride  ores,  95  for  pyritic  ores,  and  99  per  cent,  for  clayey 
alluvial  gold  of  West  Australian  origin.     Ores  which  contain  gold  in 
coarse  grains  as  well  as  finely  divided  must  first  be  amalgamated. 
One  great  merit  of  the  process  is  said  to  be  the  energetic  action 

*  V.  Pauli,  Berg-  und  HuUenm.  Ztg.  1897,  No.  44,  p.  379. 
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on  the  gold  of  the  bromate  solution.     The  method  has  however  not 
been  extensively  adopted  as  yet. 

The  treatment  of  gold  ores  with  liquid  bromine  and  precipita- 
tion with  sulphuretted  hydrogen  has  been  used  at  the  Bromination 
Mill,  Rapid   City,  Dakota.^     Ores   containing   6   to   7   per  cent,  of 
sulphur  and  the  same  amount  of  arsenic  were  firat  roasted  in  White- 
Howell  and  Briickner  furnaces  and  then  treated  with  bromine  in 
barrels.     These  held  3J  tons  of  ore,  they  were  8  feet  long  and  4J 
feet  in  diameter  and  were  borne  on  cast-iron  trunnions  a  foot  in 
diameter.     The  shell  was  of  boiler  plate  |  inch  thick  and  the  lining 
of  lead,  18  lbs.  of  which  went  to  the  square  foot  in  the  cylinder,  and 
24  lbs.  to  the  square  foot  at  the  ends.     Hot  water  (33  per  cent,  of  the 
ore)  was  first  run  in,  then  the  ore  and  lastly  enough  bromine  (6  to 
13  lbs.  for  4  tons)  to  leave  a  slight  excess  at  the  end  of  the  operation. 
The  ban^el  made  12  revolutions  a  minute  and  bromination  lasted  J  to 
IJ  hours.     The  contents  were  then  emptied  into  a  leaching  vessel 
placed  below  the  barrel.     This  vessel  was  7  J  feet  in  diameter  and  3 
feet  high,  made  of  cast-iron  with  a  lead  lining,  fitted  with  a  movable 
lid,  and  capable  of  withstanding  a  pressure  of  100  lbs.  on  the  square 
inch.    The  bottom  of  this  cylinder  could  be  detached  from  the  sides 
and  wheeled  aside,  or  it  could  be  pressed  tight  against  the  cylinder 
with  a  hydraulic  ram,  a  rubber  ring  acting  as  washer.     Inside  was  a 
sack-cloth  filter  resting  on  a  false  bottom,  and  a  perforated  coiled  tube 
for  supplying  water.     After  the  cylinder  had  received  its  charge,  the 
bottom  was  rammed  tight  and  the  air  and  water  pumped  on  to  the 
ore  at  a  pressure  of  60  lbs.  to  the  square  inch.     The  filtrate  that  first 
escaped  was  ruby  red  in  colour,  and  the  washing  was  continued  until 
the  solution  became  colourless,  the  time  occupied  being  20  minutes. 
The  bottom  was  now  pushed  aside  by  a  ram  and  the  leached  out  ore 
discharged  into  waggons.     One  of  the  cylinders  could  put  through 
100  tons  of  ore  daily. 

The  solution  was  passed  into  lead-lined  wooden  tanks  20  feet  long, 
10  feet  wide  and  6  J  feet  high,  where  the  free  bromine  .was  removed  by 
sulphur  dioxide  and  the  gold  precipitated  by  hydrogen  sulphide. 
The  precipitate  was  filtered  in  a  press,  dried,  mixed  with  borax  in  a 
small  rotating  barrel,  and  melted  in  a  crucible.  The  yield  of  gold  was 
60  to  70  per  cent.,  and  the  residues  contained  5  dwts.  per  ton;  this 
was  brought  down  to  2|  dwts.  per  ton  by  cnishing  the  ore  to  pass 
through  a  10-sieve.  The  cost  of  the  bromine  worked  out  to  25'5-55'5 
cents  per  ton  of  ore  {i,e,  1*5  to  3*25  lbs.  of  bromine  at  17  cents 
per  lb.) ;  the  other  costs  were  the  same  as  in  the  barrel  chlorination. 

1  T.  K.  Rose,  op.  cit,  p.  286. 
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Treatment  of  Telluride  Gold  Ores 

Pure  tellurium  ores  are  now  being  treated  at  Schemnitz  both  for 
gold  and  tellurium.  The  ores  are  boiled  with  strong  sulphuric  acid 
in  cast-iron  pots,  the  charges  being  3  cwts.  of  ore  to  7  cwts.  of  acid. 
This  brings  into  solution  the  tellurium  along  with  lead,  copper,  zinc, 
and  part  of  the  silver,  whilst  gold  and  silica  form  the  residue.  After 
solution,  the  mass  is  evaporated  to  a  syiup,  allowed  to  cool,  and  then 
poured  into  the  lead -lined  wooden  vats  containing  weak  hydrochloric 
acid  (44  lbs.  of  concentrated  acid  to  about  60  gallons  of  water).  The 
mass  is  stirred  to  assist  the  leaching  out  of  the  tellurium  and  the  gold 
and  silver  residues  are  separated  by  filtration  and  treated  by  cupella- 
tion.  The  filtrate  which  contains  the  tellurium  used  to  be  treated 
with  zinc,  but  it  is  now  reduced  with  liquid  sulphur  dioxide  in  lead- 
lined  vessels,  whereby  the  tellurium  is  precipitated  in  the  elemental 
state.  For  the  purification  of  the  tellurium,  see  Oestero\  Zeit.  fur  Berg- 
und  Hilttenwesen,  No  17,  1897. 

The  MacArthur-Forrest  Process^ 

This  process,  the  so-called  cyanide  process,  depends  upon  the 
solution  of  the  gold  as  auro-potassium  cyanide  (KAuCyg)  by  means  oi 
a  dilute  solution  of  potassium  cyanide,  and  the  precipitation  of  the 
gold  by  means  of  zinc  or  by  electrolysis.  This  solubility  of  gold  in 
cyanide  solutions  was  observed  by  Scheele  as  far  back  as  1781 
Wright  of  Birmingham  was  aware  of  the  solubility  of  gold  and  silver 
in  cyanide  solutions,  and  he  transferred  his  method  for  gilding  and 
silvering  by  the  electrolysis  of  such  solutions  to  Elkington  in  1843. 
Eisner  in  1846  recognised  the  part  played  by  atmospheric  oxygen 
during  solution,  and  in  1879  Dixon  showed  that  solution  was  con- 
siderably hastened  by  addition  of  bleaching  powder,  potassium  ferri- 
cyanide,  manganese  peroxide,  and  other  oxidising  agents  to  the 
cyanide  bath.*  About  1890  MacArthur  and  Forrest  took  out  pat^^nts 
for  the  extraction  of  gold  from  gold  ores  by  means  of  a  dilute  solution 
of  potassium  cyanide,  and  introduced  the  process  into  a  number  of 
works  in  the  Transvaal,  South  Africa,  and  also  into  New  Zealand. 

^  MacArthur,  Journal  Soc.  Chem.  Ind.  March  31,  1890.  Memorandum  on  tht 
Treatment  of  Refractory  Ores  hy  the  MacArthur-Forrest  Proceiis^  Adelaide,  FrcarsiTn 
and  Bros.  1891.  Janin,'  The  Mineral  Indtistry,  1892.  Butters  and  Clennell,  Kw^^ 
and  Min.  Jonni.  1892,  pp.  341,  365,  392,  416.  Molloy,  **  New  Cyanide  Proceas,' 
Eng.  and  Min.  Joum.  1892,  p.  155.  Dr.  A,  Scheidel,  The  Cyanide  ProctJts,  Saen- 
mento,  1894.  Butters  and  Smart,  "  Plant  for  the  Cyanide  Process,"  Trrtu^.  h^- 
a  E.  1895,  Pt.  Ui. 

'^  The  Mineral  Industry,  1896,  pp.  321-324. 
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Queensland,  and  other  Australian  colonies,  Mexico,  the  United  States, 
India,  &c.  The  cyanide  process  is  in  use  at  a  great  number  of  works 
at  the  present  day.  It  has  the  advantage  over  the  chlorination  process 
that  roasting  the  ores  is  unnecessary. 

So  feu*  as  experience  has  gone  hitherto,  it  is  best  adapted  for  free 
milling  ores,  that  is  to  say,  such  ores  as  readily  give  up  their  gold  con- 
tents to  mercury.  But  if  these  ores  carry  coarse  gold,  or  are  rich,  the 
process  cannot  be  employed  to  advantage,  because  coarse  gold  is  but 
slowly  attacked  by  the  cyanide  solution,  whilst  rich  ores  retain  too 
much  gold  in  the  residues. 

Many  pyritic  ores  are  also  adapted  for  this  process. 

The  process  has  been  employed  most  successfully  in  the  Transvaal. 
The  ores  there  are  said  to  average  about  9  dwts.  of  gold  to  the  short 
ton  of  2,000  lbs.  They  are  stamped  and  amalgamated  by  means  of 
inside  amalgamation  and  copper  tables.  The  resulting  tailings,  which 
are  said  still  to  contain  on  the  average  3^  dwts.  of  gold  to  the  ton, 
form  the  material  chiefly  treated  by  the  MacArthur-Forrest  process, 
which  extracts  the  gold,  leaving  only  1  dwt.  4  grs.  to  the  ton  behind. 

The  process  may  be  divided  into: — 1.  Solution  of  the  gold 
2.  Precipitation  of  the  gold.    3.  Treatment  of  the  precipitated  gold. 

I.  Solution  of  the  Gold 

Bagration^  first  announced  the  solubility  of  gold  in  potassium 
cyanide  in  1843,  and  Faraday  also  proved  this  fact. 

MacArthur  and  Janin's  view  that  oxygen  is  unnecessary  for  the 
solution  of  gold  by  potassium  cyanide  has  not  been  substantiated. 

Bodlander's  experiments  *  show  that  hydrogen  peroxide  is  formed 
in  the  reaction,  and  that  this  eflFects  the  solution  of  gold  without  the 
absorption  of  atmospheric  oxygen,  thus : — 

2Au + 4KCN  +  2H2O  +  0^  =  2KAu(CN)2 + 2K0H  +  H^O^ 
2  Au + 4  KCN  +  HA  =  2K  AuCCN)^  +;UCOH. 

The  equations  given  by  Eisner'  and  adopted  by  Maclaurin,  Goyder, 
and  others,  viz. : — 

4  Au  +  8KCN  +  2Kfi  +  0^= 4K  Au(CN)2 + 4K0H, 

express  the  end  result,  but  not  the  mechanism  of  the  reaction.  The 
reaction  ceases  when  the  oxygen  of  the  air  present  is  exhausted,  and 
recommences  with  the  access  of  fresh  air. 

^  Journ,/.  Prakt.  Chem,  xxxi.  367. 
«  Zeit.  /.  angeuj.  Chem,  1896,  Heft  19. 
•  Journ,  pr,  Chem,  xxxvii.  333. 
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i^s.  (i^W>  Christy^  mentions  the  following  oxidising  agents  which  promote 

•     \  solution ;    potassium    chlorate,  potassium   permanganate,  potassium 

bichromate,  barium  peroxide,  lead  peroxide,  and  especially  sodium 
and  manganese  peroxides  and  potassium  ferricyanide.  The  last 
mentioned  was  used  for  some  time  at  Battagis,  Monte  Rosa,  and  was 
found  to  work  according  to  the  equation  : — 

2K3Fe(CN)e + 4KCN + Ax^  =  2KAu(CN)8 + 2K,Fe(CN)e. 

Another  powerful  reagent  has  been  found  in  cyanogen  bromide,  which 
reacts  with  potassium  cyanide  to  form  cyanogen,  and  this  acts 
directly  with  gold,  thus : — 

2KCN  +  BrCN  =  KBr + CgN^. 
2  Au + C2N2 + 2KCN  =  2K  Au(CN). 

Summing  the  two  reactions  we  get : — 

2AU+3KCN  + BrCN  =  2KAu(CN)2+ KBr. 

Bromine  or  chlorine  water  may  be  used  instead  of  cyanogen  broraiHe 
thus : — 

4KCN  +  Brg  =  2KBr + C^N^ + 2KCN. 

Aug + C2N2 + 2KCN  =  2KAu(CN)2. 

According  to  Eisner  16  parts  of  oxygen  are  needed  to  dissolve  396li 
parts  of  gold.  One  part  by  weight  of  oxygen,  bromine,  and  chlorine 
dissolves  respectively  24*5,  2"5  and  5*52  parts  by  weight  of  gold,  so 
that  oxygen  is  more  efficient  weight  for  weight  than  the  two  other 
elements.  Bearing  in  mind  that,  in  practice,  weak  solutions  of 
cyanide  are  used,  that  the  volume  of  the  ore  is  great,  and  the  quan- 
tity of  gold  in  it  small,  it  will  be  seen  that  special  oxidising  agents 
are  unnecessary. 
/TiA  v^S  ^Sulpjiideofgold  dissolves  fairly  readily  in  potassium   cyanide 

J  without  the   presence  of  atmospheric  oxygen.     The   reactions  are 

expressed  by  the  equations : — 

AU2S3 + 4KCN  =  2K  Au(CN)2  +  K^S + S,. 
2KCN  +  S2  =  2KCNS. 
AugSj  +  KjS  =  K^AugSj + Sj. 

-}  ^^  Antimonide  of  gold,  and  the  tellurides  of  gold  and  silver  are  only 

soluble  with  difficulty  in  potassium  cyanide  solution,  hence  telhiride 
ores  are  roasted  before  treatment  by  this  method. 

^  Tran^f.  AJ.M.E.  xxvi.,  1896. 
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Bodlander^  has  shown  that  the  rate  of  solution  of  gold  depends  in 
the  first  place  on  the  state  of  subdivision  of  the  metal,  and  in  a  less 
degree  upon  the  concentration  of  the  cj^anide  solution.  Gold  in 
grains  or  foil  dissolves  slowly,  spongy  gold  formed  by  precipitation  or 
left  in  parting  gold-silver  alloys  dissolves  more  quickly,  and  true  gold 
leaf  most  quickly  of  all.  The  rate  of  solution  rises  with  increasing 
concentration  up  to  a  certain  point  when  it  remains  constant.  Thus 
Bodlander  found  that  70  sq.  inches  of  gold  leaf,  000013  inch  thick, 
weighing  Oil  grain,  was  soluble  in  1"25  cubic  inches  of  cyanide 
solution  of  different  strengths  in  the  following  times  :— 


Strength  of  cyanide 
solution. 

Time 

in  minutes  taken 
for  solution. 

010      per  cent. 

12 

0-25 

5 

100 

4 

300 

3 

Thus  the  limiting  strength  of  solution  at  which  the  rate  of 
solution  but  slowly  alters  is  0*25  per  cent,  of  potassium  cyanide. 

According  to  theory  the  quantity  of  cyanide  of  potassium  required 
for  the  MacArthur-Forrest  process  should  be  13004  parts  by  weight 
for  1968  parts  of  gold,  so  that  2  parts  of  cyanide  should  suffice  for 
3  parts  of  gold.  Actually,  however,  with  ores  of  low  and  medium 
gold  contents,  some  40  parts  of  potassium  cyanide  are  consumed  to 
one  of  gold.  The  cause  of  this  enormous  consumption  lies  in  the 
readiness  with  which  potassium  cyanide  is  decomposed,  and  in  the 
decomposing  action  which  the  constituents  of  many  ores  exert 
upon  it. 

Thus  cyanide  of  potassium  is  decomposed  by  the  carbon  dioxide 
and  the  oxygen  of  the  air,  as  also  by  caustic  alkalies,  by  sulphuric 
acid,  and  by  sulphates  of  iron. 

Carbon  dioxides  and  oxygen  act  respectively  as  follows  : — 

2KCN  +  CO2 + ttp  =  2HCN  +  K^COg. 

KCN  +  0  =  KCNO. 

2KCNO  +  30  =  K2C03+C02+N2. 

Free  alkalies,  which  are  generally  contained  in  commercial  potass- 
ium cyanide,  and  which  are  added  to  neutralise  acids  and  to  decom- 
pose the  iron  salts  contained  in  the  ores,  bring  about  a  decomposition, 
mainly  due  to  water,  whilst  the  alkalies  themselves  remain  unchanged. 

*  Zeit.  /.  anyew.  Chetn.  189(5,  vol.  19. 
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This  decompositiou  takes  place  especially  when  gold  is  precipit4ited 
by  zinc,  and  is  as  follows  according  to  Butters  and  Clennell  :  ^ — 

KCN  +  2H,0  =  NH3  -h  KHCO^. 
HP  +  KCN  =  HCN  +  KHO. 

f^*^  (y./^      Pyritic  gold  ores_that  have  been  exposed  for  any  considerable  period 

to  atmospheric  action,  contain  sulphates  of  iron  and  free  sulphuric 

V  eji\^»*"*       acid,  as  decomposition  products  of  the  iron  pyrites. 

fit  ^^  J]eiT0U8julghflte  forms  with  potassium  cyanide,  first,  ferrocyanide 

of  potassium,  and  then  Prussian  blue  in  accordance  with  the  following 

equations : — 

FeSO^ + 2KCy  =  FeCyg + K^SO,. 

FeCy^ + 4KCy = K.FeCye. 

\  c'l  W:>.  3K^FeCye+6FeSO,+30  =  Fe203+6K3S04  +  Fe7Cyi8. 

"je^aV      ^    Feracsulphate  produces  with  potassium  cyanide,  hydrocyanic  acid, 

sulphate  of  potash,  and  ferric  hydrate,  thus  : — 

Fe2(SO^)3 + 6KCy  =  Fe^Cye + SK^SO^. 
Fe^Cyg + 3H2O  =  Fe2(OH)6 + 6HCy. 

A  nuxture  of  ferrous  and  ferric  sulphates  produces  with  potassium 
cyanide  either  Prussian  or  TurnbuUs  blue,  according  as  the  former 
or  the  latter  salt  predominates,  thus  : — 

1 8KCy  +  SFeSO^  +  2Fe2(S04)3  =  9K,SO,  +  Fe,(FeCy^V 
1 2KCy + 3FeS0^ + Fe2(S04)3 = BK^SO^ + Fe«(FeCye)2. 

Free  sulphuric„acid  converts  potassic  cyanide  into  the  sulphat'C  with 
the  evolution  of  hydrocyanic  acid. 
A  \r.  Cv^  Silver  and  base  metals  (zinc  and  copper)  are  also  dissolved  by 

J  J.J>^^^  potassium  cyanide.  MacArthur  and  Forrest  maintain  that  dilute 
solutions  of  potassium  cyanide  (0*2  to  0*8  per  cent,  of  KCy)  only  dis- 
solve gold  and  silver,  whilst  attacking  but  slightly  any  base  metal 
that  may  also  be  present.  According  to  Butters  and  Clennell,*  how- 
ever, base  metals  are  attacked  to  such  an  extent  that  ores  containing 
them  in  considerable  quantity  are  not  suited  to  this  process,  as  has 
indeed  been  shown  by  experiments  in  California  and  Australia. 
Sulphide  of  silver  '  is  not  attacked,  but  metallic  silver  is  dLssalved  by 
potassium  cyanide,  as  shown  in  the  following  equation : — 

Ag2  +  4KCy-(-0  +  HjO  =  2KAgCy,+2KHO. 

Sulphide  of  cogger  is  dissolved  as  a  sub-sulpho-cyanide,* 

'  Eng.  and  Min,  Journ.  1892,  p.  392. 

«  W.  Bettel,  Entj,  and  Min.  Joum.  1892,  p.  416. 

'  Ihid.  *  Ibid. 
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For  the  reasons  just  given,  when  ores  contain  free  sulphuric 
acid  and  sulphate  of  iron,  these  substances  must  be  removed  before 
cyanidation.  For  this  purpose  they  are  first  treated  with  water  in 
the  leaching  tanks  to  remove  free  sulphuric  acid  and  neutral  iron 
salts.  To  neutralise  the  basic  salts  they  are  next  leached  with 
caustic  soda  solution  or  lime  water,  which  convert  the  ferric  sulphate 
into  hydrate,  thus : — 

Fe  ASO3 + 2NaH0  +  2H2O  =  FegCHO)^ + Na^SO^, 
Fe203,2S03 + 4NaH0  +  H^O  =  Fe^CHO^ + 2Na2S04. 

Lime  is  preferable  to  caustic  soda  because  it  does  not  decompose 
the  potassium  cyanide  so  readily  and  has  less  action  on  the  zinc  in 
the  precipitating  tanks. 

Freshly  precipitated  ferrous  hydrate  is  able  to  convert  potassium 
cyanide  into  ferrocyanide  : — 

Fe(0H)2  -h  6KCy  =  K^FeCyg + 2KH0. 

This  reaction  also  causes  losses  of  cyanide.  Brown  haematite 
does  not  affect  cyanide  of  potassium. 

The  solution  of  cyanide  used  for  leaching  is  prepared  in  most 
works  by  dissolving  commercial  potassium  cyanide  (containing  72  to 
78  per  cent,  of  pure  potassium  cyanide)  in  the  least  possible  quantity 
of  water,  and  by  diluting  this  concentrated  solution  with  wash  water 
or  with  spent  liquor  to  the  required  degree.  At  some  works  (e.^., 
Robinson  Mine)  potassium  cyanide  in  lumps  is  added  during  the 
leaching  in  such  quantity  as  to  keep  the  solution  at  its  original 
strength. 

The  quantity  of  potassium  cyanide  required  for  leaching  varies 
according  to  the  nature  of  the  ore :  0*3  to  0*4  lb.  per  ton  remains 
behind  with  the  residues,  and  the  loss  due  to  the  action  of  air,  to  the 
presence  of  foreign  bodies  in  the  ore,  and  to  the  after-precipitation, 
with  zinc,  is  taken  at  0*5  to  1  lb.  per  ton.  In  the  case  of  pyritic  ores, 
from  3  to  50  lbs.  per  ton  are  rendered  useless.  Agitation  of  the  ore  ^ 
promotes  the  decomposition  of  the  cyanide,  though  to  what  extent  is 
not  known.  Butters  regards  the  loss  due  to  this  cause  as  very  high, 
whilst  MacArthur  places  it  at  1  lb.  per  ton. 

The  ores  are  broken  in  crushers  and  are  ground,  generally  wet,  in 
stamps,  rolls,  or  ball  mills  until  they  pass  through  a  sieve  with  600  to 
900  holes  to  the  square  inch.  Dry  crushing  is  resorted  to  in  West 
Australia,  at  Golden  Gate  in  Utah,  and  at  the  Dorothy  Morton  Mine 
in  British  Columbia.     In  New  Zealand  the  dry  method  has  been  given 

'  T.  K.  Rose,  op.  cil,  p.  331. 
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up  in  favour  of  the  wet  one,  owing  to  the  exceeding  hardness  of  the 
ore.^  In  wet  pulverising,  it  is  more  profitable  to  separate  the  sand 
from  the  slimes  and  to  work  each  separately.  The  tailings  worked  in 
South  Africa  are  already  sufficiently  comminuted.  Wet  ores  are  dried 
before  leaching. 

The  ores  are  leached  in  vessels  made  of  wood,  masonry,  or  sheet 
iron,  agitation  being  used  only  in  the  case  of  slimes  which  cannot  be 
worked  in  other  ways.  The  wooden  and  iron  vats  are  circular  in  section, 
the  masonry  vats  rectangular.  They  are  fitted  with  filters  of  cocoa- 
nut  matting  and  jute  cloth  resting  on  a  frame  of  wooden  laths.  The 
filter  cloths  are  washed  and  repaired  after  six  to  eight  months'  use. 
Sand  filters  have  not  proved  successful,  as  they  are  hard  to  clean.  To 
economise  labour,  the  vats  are  made  of  such  a  size  that  they  can  be 
filled  in  24  hours.  Iron  and  wood  are  not  suitable  materials  for 
constructing  large  vats  of  600  tons  capacity;  at  present  these 
materials  are  used  only  for  vats  holding  200  to  300  tons. 

The  wooden  vats,  which  are  best  made  of  white  pine  deal,  are 
constructed  in  the  Transvaal  of  deal  staves  3  by  9  inches  in  section. 
The  sides  project  6  inches  over  the  bottom  and  are  bound  together  by 
iron  hoops.  Steel-plate  vats  with  sloping  sides  and  holding  up  to 
1000  tons  have  lately  come  into  use.  They  are  coated  inside  and  out 
with  pitch  and  tar.  Preference  is  given  to  flat  vats  over  high  ones 
since  they  allow  of  the  ingress  of  air.  The  diameter  of  these  is 
generally  26  feet  and  seldom  exceeds  33  feet  in  the  Transvaal,  and  the 
best  depth  has  been  found  to  be  a  quarter  of  the  diameter ;  the  height 
from  the  bottom  of  the  vat  to  the  filter  is  usually  1  foot.  Tr*? 
dimensions  at  Geldenhuis  Deep  and  at  Wollhuter  in  the  Tran-vafl 
are  30  feet  8  inches  by  11  feet  10  inches,  and  39  feet  6  inch*'-  io 
8  feet  respectively,  and  the  latter  hold  315  tons.  At  the  Mf*  :^li 
Extraction  Company's  works  in  Colorado,  steel  vats  50  feet  in  diau>-  e' 
and  holding  450  to  500  tons  are  used  for  treatment  of  roa^* 
telluride  ores. 

Masonry  vats  are  made  of  bricks  and  hydraulic  lime  and  are  liu' 
with  cement.     They  have  usually  a  high  capacity.     One  in  useatih 
Langlaagte  Estate  Mine  holds  from  360  to  400  tons  of  ore.     Th*  y  a«' 
liable  to  cracks  which  are  repaired  with  difficulty,  and  when  boiit  ou 
brickwork  walls,  to  facilitate  emptying,  the  plant  becomes  expiiwi  • 

The  vats  are  situated  in  the  open  when  the  climate  is  favounU/ 
and  they  stand  on  stone  walls  at  such  a  height  that  the  waggiw  f*^ 
taking  away  the  leached-out  material  and  the  beasts  which  puli  theiit 
can  move  about  freely  underneath.     Where  the  ore  undergoes  double 

^  7'he  Mineral  Indtistry,  1900. 
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treatment,  the  first  vats  are  supported  indepeDdently  c 
ones  on  cast-iron  pillars  and  steel  girders,  and  the  space 
two  is  high  enough  to  admit  of  workmen  in  ft  kneel 
starting  the  discharge  of  the  higher-standing  vat. 

The  liquors  are  run  off  hy  means  of  cast-iron  pipes 
valves,  and  the  leached-out  residues  are  removed  throu, 
doors,  up  to  six  in  number,  which  are  arranged  in  the  he 


vat.  Vats  holding  200  tons  have  four  doors  in  the  upper 
in  the  lower.  The  residues  from  these  are  emptied  into  w; 
taken  to  the  tip. 

The  arrangement  of  a  leaching  plant  is  shown  in  Fij 
685.  J.  A  are  the  leaching  vats  supported  on  stone  pillars 
100  tons  of  ore  and  are  20  feet  in  diameter  and  10  feet  < 
gold  liquors  are  collected  in  the  ta^ks  B  £,  each  of  which  is 
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6  feet,  whence  they  flow  continuously  into  the  electrolysing  baths  e  e. 
From  this  they  pass  into  the  vats  G  6',  which  are  20  feet  by  8  feet,  and 
are  pumped  back  ^g&in  into  the  leaching  vats.     Fig.  686  shows  an 


arrangement  for  the  double  treatment  of  tailings.  These  come  direct 
from  the  stamps,  along  the  gutter  a  into  the  storage  temk.  ft,  whence 
they  are  pumped  through  e  to  the  distributor/.  The  coarse  sand 
passes  on  to  the  vat  g,  whilst  the  finer  slime  is  carried  through  the 


the  sandy  matter  along  the  gutter  m  to  the  storage  tank,  and  the 
slimes  pass  on  to  the  cone  o,  receiving  a  charge  of  lime  at  n  to  assist 
precipitation.  The  slimes  fiow  through  q  to  storage  tanks,  whilst 
water  free  from  slimes  escapes  at  p.  The  first  letwhing  is  performed 
in  g  and^',  the  slimes  from  these  are  run  off  along  the  gutter  t  to 
the  cone  /,  and  the  residues  are  emptied  into  the  vats  h  h  for  ex- 
haustive extraction.  The  leached-out  residues  irora  these  vats  are 
discharged  into  the  waggons  standing  beneath  them. 

Leaching  is  generally  carried  out  first  with  weak  liquor,  then  with 
strong,  medium,  and  weak  liquora  in  the  order  given,  and  finally  the 
mass  is  washed  with  water.  If  need  be,  the  first  lixiviation  with  weak 
liquor  may  be  left  out.  The  cyanide  liquor  is  mode  up  in  three  strengths 
and  kept  in  separate  vessels.  The  strengths  depend  on  the  method 
of  precipitation  adopted,  weaker  solutions  being  used  in  the  cases 
where  electrolytic  deposition  is  resorted  to  than  where  the  zinc 
method  is  used.  In  the  former  case  the  strong  solution  is  about  01 
per  cent,,  and  the  liquors  flowing  into  the  various  storage  tanks  carry 
the  following  amounts  of  cyanide : — 

Strong  liquor over  0*02  p^^ppfr. 

Medium  liquor     ....      001  to  002  ^TT    / 
Weak  liquor up  to  001 

Strong  solutions  of  cyanide  (0'2S  per  cent.)  are  used  ynen  the  gold  is 
to  be  precipitated  with  zinc.  The  weak  solutionVcontain  0*03  per 
cent.,  the  medium  006  per  cent,,  and  the  strong  over  OUG  per  cent. 
Solutions  containing  085  per  cent,  of  cyanid/have  been  used,  and 
good  results  obtiiined  when  the  precipitatinif  vats  are  often  changed, 
so  that  strong  liquor  flows  from  time  to  timC  through  the  weak  liquor 
vats,  / 

rThe  cyanide  content  is  determined  bj  titration  with  silver  nitrate. 
The  liquors  from  the  precipitation  vaW  are  used  over  again  as  long  as 
they  contain  cyanide. 
The  leaching  process  lasts  in  the  Transvaal  3]  to  4  days  for  fine 
sands,  and  up  to  14  days  for  coarse  sands.  The  quantity  of  cyanide 
needed  averages  from  0'35  to  06  lb.  per  ton  of  tailings,  being  026  to 
0'28  lb.  for  electrolytic  precipitation  and  06  lb,  for  zinc  precipitation, 
and  rising  to  1  lb.  per  ton  in  some  works  where  coarse  sands  have  to 
be  treated  with  the  solution  for  several  weeks. 

The  double  treatment  used  at  Witwatersrand  consists  in  Brat 
leaching  in  the  upper  settling  tanks  and  then  shovelling  the  mass 
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into  the  leaching  vats  proper.  During  the  shovelling  a  good  deal  of 
gold  goes  into  solution  from  the  action  of  air  on  the  mass,  so  that  the 
first  filtrate  from  the  lower  vat  has  almost  the  highest  gold  content. 
The  further  lixiviation  takes  place  quickly,  so  that  time  is  gained  for  a 
thorough  washing  out  of  the  ore.  This  process  results  in  a  higher  yield 
of  gold,  but  it  is  doubtful  whether  this  is  not  completely  offset  by  the 
labour  involved  in  transport  and  shovelling,  and  by  the  greater  con- 
sumption of  cyanide. 

The  Transvaal  ores^  contain  from  14  to  73  dwts.  per  ton.  They 
must  contain  at  least  20  to  21  dwts.  per  ton  in  order  that  extraction 
may  be  carried  on  profitably. 

The  older  method  of  ore  treatment,  which  is  still  in  use  at 
some  works,  is  as  follows.  The  ores  are  stamped  and  worked  by  the 
copper  plate  amalgamation  process  and  the  pulp  dressed  on  Frue 
vanners  to  separate  the  auriferous  pyrites  from  the  tailings.  The 
pyritic  concentrates  are  roasted,  chlorinated,  and  treated  for  gold  by 
the  Plattner  process,  and  the  tailings  are  worked  by  the  cyanide 
method.  This  treatment  only  effects  a  partial  separation  of  the 
slimes  from  the  sand,  and  thus  some  gold  is  lost.  In  the  newer 
method  the  crushed  ore  is  classified  by  means  of  pointed  boxes 
(SpUzkasten)  into  various  grades  of  sand  and  slimes,  and  all  the 
portions  thus  obtained  undergo  lixiviation  by  cyanide  solution. 

The  ores  are  broken  in  stone  crushers  and  then  stamped  in 
Califoraian  mills.  The  stamps  weigh  from  1050  to  1250  lbs.,  and  put 
through  4  to  6  tons  in  24  hours  when  fitted  with  screens  600  to 
900  meshes  to  the  square  inch.  The  pulp  from  the  mill  is  sorted 
into  concentrates,  which  consist  of  coarse  sand  and  pyrites  and  make 
10  per  cent,  of  the  whole ;  tailings,  65  per  cent,  of  the  whole ;  and 
slimes,  25  to  30  per  cent.  The  concentrates,  which  are  the  first 
product,  require  longer  to  extract  than  the  tailings;  they  contain 
17  dwts.  per  ton  of  gold  distributed  over  the  crystal  f&ces  of  the  quartz 
or  in  little  clefts  and  cracks  in  the  same.  Microscopic  examination 
after  lixiviation  reveals  the  spots  from  which  the  gold  has  dissolved. 

After  the  separation  of  the  concentrates  the  stamp  mud  passes  into 
the  pointed  classifiers  (Spitzkasten),  where  sand  and  about  half  the 
slimes  sink  to  the  bottom  and  are  run  into  settling  tanks,  the  remainder 
of  the  slimes  passing  off  at  the  overflow.  The  settling  tanks  are  used 
for  the  first  cyanide  treatment  of  the  sand.  Close  by  these  tanks  are 
filters  which  receive  the  slimes  during  settling,  and  these  slimes  receive 

*  De  Launay,  '*  Les  Mines  d'Or  du  Transvaal,"  Ann.  des  Mines,  1896,  1. 
Ingalls,  The  Mineral  IndxiMry,  1896.  Begger,  The  Metallwyy  of  Gold  on  the  Band^ 
Freiberg,  1898. 


recent  practice  the  first  conical  classifier  has  been  left  out,  so  that 
the  settling  tanks  are  filled  more  quickly.  Plunger  pumps  are  used 
for  transferring  the  mud  to  the  vata,  centrifugal  pumps  lasting  but  a 
few  weeks  owing  to  the  action  of  the  sharp  quartz  grains.  The 
gutters  are  made  of  wood,  with  double  bottom,  so  that  any  damaged 
portions  can  be  readily  replaced.  Butters'  distributors  are  used  to 
promote  uniform  deposition  of  the  sand  in  the  vats.  These  are 
rotating  funnels  fitted  at  their  under  ends  with  radial  tubes  of 
different  lengths.  The  passage  of  liquid  through  these  sets  up 
circular  motion,  and  the  sand  shot  out  from  the  ends  of  the  radial 
pipes  arranges  itself  in  concentric  circles  in  the  tank. 

The  arrangement  of  a  settling  tank  is  shown  in  Figs.  687  and  688, 
where  a  is  the  distributor,  g  the  vertical  channel  for  running  off  the 


slimes  which  escape  along  the  gutter  S,  and  W  W  are  outlets  for 
discharging  the  sand.     The  filter  is  not  shown. 

The  sands  in  the  settling  tanks  are  first  leached  in  these  tanks 
and  then  shovelled  into  the  leaching  vats  proper,  when  the  double- 
treatment  process  is  adopted;  or  they  are  transferred  directly  into 
leaching  vata.  In  the  first  case  the  tanks  are  always  placed  above 
the  vats,  in  the  second  also  they  are  arranged  preferably  in  thia  way. 
Although  the  sand  in  the  settling  tanks  forms  a  very  solid  layer,  but 
slightly  permeable  by  air,  and  offering  great  resistance  to  the  passage 
of  liquor  through  it,  yet  the  results  of  double  treatment  are  very  satis- 
fiictory. 

An  equal  number  of  leaching  vats  and  settling  tanks  must  be 
used,  and  the  capacities  of  these  must  be  the  same.      The  volume  of 
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the  vats,  however,  should  be  a  little  greater  than  that  of  the  tanks, 
since  the  sand  in  the  tanks  has  a  greater  density  than  in  the  vats. 
Experience  has  shown  that  the  best  volume  per  ton  of  sand  for  the 
settling  tanks  is  225  cubic  feet,  and  for  the  leaching  vats  250  cubic 
feet,  not  reckoning  in  the  depth  of  1  foot  taken  up  by  the  filter. 

Slimes  could  not  be  worked  up  for  gold  until  recently,  since  they 
could  not  be  filtered.  They  were  stored  up  in  the  hope  that 
they  might  be  amenable  to  some  process  in  the  future.  Only  in 
recent  years  has  it  become  possible  to  extract  75  per  cent,  of  their 
gold  by  means  of  potassium  cyanide  solution ;  this  is  effected  by 
stirring  them  with  cyanide  solution,  treating  the  liquor  with  lime,  and 
depositing  the  gold  from  the  solution  electrolytically.  At  the  works 
of  the  Rand  Central  Ore  Reduction  Company,  and  elsewhere,  the 
mud  is  kept  suspended  in  potassium  cyanide  solution  until  all  the 
gold  is  dissolved,  and  is  then  allowed  to  settle  after  the  addition  of 
lime,  which  promotes  the  settling.  Agitation  of  the  thick  sludge  is 
kept  up  by  stirrers,  centrifugal  pumps,  or  by  streams  of  compressed 
air. 

At  the  works  of  the  Robinson  Company,  tailings  mixed  with  sand 
are  screened  as  described  above,  and  the  slimes  after  addition  of  lime 
are  stirred  up  with  cyanide  solution  for  a  quarter  of  an  hour.  They 
are  then  passed  on  to  another  vat,  where  the  stirring  is  continued  for 
several  hours,  and  they  are  at  length  run  into  the  settling  vats.  After 
settling,  half  the  liquor  is  withdrawn,  more  cyanide  is  added,  the 
whole  stirred,  allowed  to  settle,  and  half  the  liquor  again  withdrawn. 
This  operation  is  repeated  several  times,  and  the  mass  is  washed 
eventually  with  water.  In  this  way,  75  per  cent,  of  the  gold  present 
in  the  slimes  is  extracted. 

At  the  works  of  the  Crown  Reef  Company  the  fresh  slimes  are 
mixed  with  lime  in  a  gutter  and  then  run  into  two  settling  vats, 
pyramidal  in  shape  at  the  lower  ends.  These  are  placed  one  behind 
the  other ;  the  greater  part  of  the  slimes  is  deposited  in  the  first  vat, 
the  rest  in  the  second,  and  the  liquid  which  escapes  is  quite  clear. 
The  lower  ends  of  these  vats  are  connected  with  a  "centrifugal  pump 
by  means  of  which  the  deposited  slimes  can  be  pumped  into  the  leach- 
ing vats.  These  last  are  made  of  boiler-plate  lined  at  the  bottom  with 
cement.  The  bottom  is  concave  and  slopes  to  an  opening  which  is 
connected  with  a  pump,  and  10  holes  with  plugs  at  different  heights 
up  the  side  of  the  vat  allow  the  water  to  be  run  off  after  the  slimes  have 
settled.  After  tapping  off  the  water,  O'l  per  cent,  potassium  cyanide 
solution  is  added,  and  a  brisk  agitation  set  up  by  removing  the 
mixture  at  the  bottom  of  the  vat  and  pumping  it  back  into  the  vat 


through  a  three-way  pipe  at  a  height  of  2  feet  above  the  bottom. 
After  continued  stirring  in  this  way,  the  slimes  are  allowed  to  settle 
and  seven-eighths  of  the  liquor  is  run  off 
through  the  side  openings. 

The  cyanide  solution  is  pumped  into 
the  leaching  vats  by  means  of  centrifugal 
pressure  pumps,  which  are  placed  so  low 
that  the  liquors  to  be  Hfted  run  back 
of  their  own  accord.  Fig.  689  shows  the 
arr&ngement  of  the  plant.  After  the 
slimes  have  deposited  their  sand  in  the 
tank  a,  they  pass  on  to  the  settlers  c  and 
d,  receiving  on  the  way  a  charge  of  lime 
at  h.  They  are  drawn  along  the  pipe  f 
to  the  pump  e,  which  forces  them  through 
g  into  the  leaching  vat  t.  The  cyanide 
is  pumped  from  its  storage  tank  ^  along 
the  pipe  /  into  the  leaching  vat,  and  the 
mixed  cyanide  solution  and  slimes  sink 

through  the  pipe  i  and  arc  forced  back  ^ 

again  into  the  vat  in  three  jets  at  s.    After  ^ 

settling,  the  gold  solution  escapes  through  £ 

the  side  holes  into  the  vertical  channel 
m,  and  thence  into  the  collecting  tank  % 
and  the  precipitating  vat  o.  After  pre- 
cipitation of  the  gold,  the  liquor  flows 
into  the  storage  tank  p  and  is  put  again 
through  the  same  cycle  of  operations. 
The  leached-out  residues  are  discharged 
by  punaping  through  the  pipe  t. 

The  extraction  of  gold  at  the  Wit- 
watersrand  is  given  at  70  to  80  per  cent. 

At  Kalgoorlie,  in  West  Australia,^ 
the  slimes  are  treated  with  cyanide  liquors 
in  filter  presses,  since  water  is  scarce.  It 
is  necessary  to  mix  the  slimes  with  sand, 
since  otherwise  the  liquor  traverses  the 
solid  mass  in  ninnels,  leaving  the  main 
mass   untouched.      The   sands,  however, 

require  longer  digestion  with  the  liquors  than  the  slimes,  so  that  the 

filter  residues  are  still  found  to  contain  auriferous  sand,  whilst  the 

'  The  Bug.  and  Mill.  Jonm.  April  1,  1849. 
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slimes  are  free  from  gold.  A  modification  which  gives  better,  though 
not  entirely  satisfactory,  results  consists  in  digesting  the  sands  and 
slimes  for  some  time  with  cyanide  solution  before  filtering. 

At  Hannan  s  Brownhill  Mine,  near  Boulder,^  the  ore  is  crushed 
dry,  and  divided  into  sands  and  slimes  in  a  pneumatic  separator. 
The  sand  is  worked  up  in  the  usual  way  ;  the  slimes  are  stirred  for  6 
hours  with  0%3  per  cent,  cyanide  solution,  and  then  put  through  a 
filter  press  and  washed  with  water,  the  filtering  operations  lasting  1^ 
to  2  hours.  The  sludge  is  forced  into  the  presses  under  a  pressure  of 
60  to  80  lbs.  per  square  inch.  The  filtrate  flows  away  continuously 
from  these  into  precipitating  vats  where  the  gold  is  thrown  down 
with  zinc.  Every  filter  press  has  20  chambers  in  which  the  residues  are 
pressed  into  cakes  28  square  inches  in  area  by  3  inches  thick, 
containing  still  20  per  cent,  of  water.  One  part  of  dry  ore  requires 
2  parts  of  liquor  to  form  the  slime,  whilst  in  the  Transvaal  8  to  10 
parts  of  liquor  are  requisite. 

At  Lake  View  Consols,  in  West  Australia,  85  per  cent,  of  the 
gold  in  the  slimes  is  extracted  by  filtration  methods,  and  the  sliraes 
contain  2*794  ounces  of  gold  per  ton. 

Filtering  by  means  of  presses  is  an  expensive  operation,  the 
lowest  cost  for  mixtures  of  sand  and  slimes  being  1*55  dollars  per 
ton.2  At  Brownhill  the  cost  is  1*92  to  2*40  dollars  per  ton,  at  Lake 
View  Consols  10s.  8Jrf.  per  ton,  and  in  the  Tiunsvaal,  where  the  slimes 
contain  3  dwts.  of  gold,  of  which  87  "5  per  cent,  is  recovered  by  the 
methods  sketched  above,  the  cost  is  72  cents  per  ton. 

At  the  works  of  the  Metallic  Extraction  Company,  in  Colorado,'  the 
ores  treated  are  altered  andesites,  granites,  and  phonolites,  containing 
pyrites,  calaverite,  and  sylvanite.  Near  the  surface  the  tellurium  is 
oxidised  and  the  gold  is  free  from  this  element.  The  pyrites  contain 
but  little  gold.  The  decomposed  tellurides  are  treated  straightway 
with  cyanide  solution,  the  undecomposed  telluride  ore  is  roasted 
before  leaching,  and  the  gold  in  each  case  is  precipitated  by  means  of 
zinc.  The  ore  after  crushing  is  dried  in  tube  furnaces,  which  consist 
of  bundles  of  steel  pipes  laid  together  in  fours,  each  pipe  being 
1^  feet  in  diameter  and  lined  with  brick.  These  pipes  are  placed  in 
a  sloping  position ;  they  communicate  at  each  end  with  the  fireplace 
and  chimney  respectively,  and  they  can  be  rotated.  The  ore  is  dried 
at  300°  C.  The  capacity  of  such  a  furnace  is  180  to  200  tons  daily. 
The  dried  ore  passes  from  these  to  the  rolls,  and  thence  to  the 
roasting  furnace,  where  the  sulphur  is  brought  down  from  2  to  Oi 
per  cent.     At  present  all  the  ore  is  roasted,  as  the  un weathered 

^  The  Mineral  Industry,  1899,  p.  .S29.        «  Ibid.  p.  329.        »  Ihid.  1898,  p.  368, 
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tellurides  are  in  excess.  At  the  end  of  the  roasting,  the  temperature 
is  raised  to  decompose  sulphates,  which  would  hinder  effective 
leaching  if  left  in. 

The  complete  decomposition  of  the  sulphates  is  brought  about  in 
pipe  furnaces  similar  to  those  used  for  drying.  The  pipes  are  29  feet 
long  and  2  feet  wide  in  the  clear,  and  open  at  both  ends  into 
chambers,  from  the  lower  of  which  the  ore  is  continuously  discharged. 
A  furnace  of  this  description  makes  one  revolution  in  4*8  minutes 
and  puts  through  48  tons  of  ore  in  24  hours,  the  ore  remaining  in 
the  furnace  three  hours.  The  rotation  is  brought  about  by  means  of 
friction  wheels.  During  the  first  two  hours  the  ore  is  kept  at  a  dull 
red  heat,  in  the  last  hour  it  is  brought  to  a  bright  red.  But  little 
loss  of  gold  takes  place  in  this  furnace,  as  the  ore  remains  a  com- 
paratively short  time  in  it.  The  roasted  ore  is  leached  in  steel  vats, 
50  feet  in  diameter,  which  hold  450  to  500  tons  of  ore.  Sulphates  of 
aluminium  and  magnesium  must  be  decomposed  in  the  roasting, 
otherwise  the  action  of  air  and  alkaline  liquor  converts  these  into 
hydroxides,  which  being  precipitated  on  the^uT^aceof  the  zinc,  render 
it  ineffective.  The  liquors  contain  005  to  0*5  per  cent,  of  potassium 
cyanide.  From  the  roasted  ore  95"1  per  cent^-of  the  gold  is  extracted. 
(For  the  application  of  the  cyanide  process  in  New  Zealand,  see  The 
Engineering  and  Mining  Jaui^ncd,  November  12th,  1898;  and  for  its 
use  at  the  works  of  the  Atacama  Mining  Company  in  Taltal,  Chili,  see 
Transactions  of  the  AJM.E,,  California  meeting,  September,  1899.) 

At  the  Golden  Gate  Mill,  Mercur,  Utah,^  oxidised,  mixed,  and 
sulphuretted  ores  are  crushed  dry  and  passed  through  sieves  with 
meshes  0*375,  0*25,  and  01 25  inch  wide  respectively.  The  mixed  ores 
are  roasted  in  a  Wethey  furnace  100  feet  long  and  12  feet  wide  (inside 
measurements),  which  puts  through  145  tons  of  ore  daily  with  a 
consumption  of  8  tons  of  coal.  The  sulphuretted  ores,  which  contain 
2  to  5  per  cent,  of  sulphur  and  0*95  to  2*5  per  cent,  of  arsenic,  are 
roasted  in  a  Jackling's  straight-lined  furnace,  70  tons  of  ore  being 
worked  off  in  24  hours  with  a  consumption  of  7  tons  of  coal.  The 
oxidised  ores  are  not  roasted.  The  leaching  vats  are  of  steel,  50  by 
25  by  5  feet,  and  holding  60  tons  of  ore.  Strong  0*4  per  cent, 
cyanide  solution  is  first  run  in  through  10  two-inch  holes  in  the  false 
bottom  of  the  vat.  This  takes  8  hours  to  do.  After  standing  16 
hours,  a  solution  of  the  same  strength  is  run  in  on  top  of  the  ore, 
and  the  liquor  is  allowed  to  escape  through  the  openings  just 
mentioned  in  the  false  bottom.  The  strong  liquor  is  allowed  to  act 
for  24  hours ;  it  is  followed  by  a  0*3  per  cent,  solution,  and  finally  by 
water.     The  liquid  passes  through  1  inch  of  the  mass  in  one  hour, 

1  The  Mineral  Industry,  1900,  chapter  "  Gold  and  Silver.' 
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2  tons  of  liquid  being  used  to  1  ton  of  ore.  The  cyanide  solution 
containing  the  gold  is  run  into  storage  tanks  20  feet  in  diameter  by 
12  feet  deep,  and  is  pumped  thence  into  the  precipitation  vats. 

Only  exceptionally  is  the  general  order  of  treatment  with 
mercury  and  then  with  cyanide  solution  reversed.  This  is  the  case 
at  Clark  Mill,  Rochester,  Montana,  where  galena  concentrates  are 
also  recovered  by  dressing  the  ores  submitted  to  the  cyanide  process 
previous  to  amalgamation.  A  similar  method  was  used  at  the  Austra- 
lian Mine  in  West  Australia.  The  ores  were  crushed  in  ball  mills 
and  extracted  with  cyanide  solution,  and  then  amalgamated  in 
Huntington  mills  and  on  copper  plates.  As  95  per  cent,  of  the 
gold  was  afterwards  obtained  by  the  cyanide  process,  subsequent 
amalgamation  was  discontinued.^ 

II.  Precipitation  of  the  Gold 

The  best  precipitants  so  far  tried  have  been  found  to  be  zinc  in 
the  form  of  bright  turnings  and  zinc  coated  with  lead.  Electrolytic 
precipitation  may  be  ranked  with  these.  Precipitation  is  the  weak 
point  of  the  cyanide  process,  since  it  is  never  complete  from  dilute 
solutions. 

Precipitation  of  the  Gold  by  Zinc. 

It  is  doubtful  whether  the  precipitation  of  the  gold  by  zinc  occurs 
in  accordance  with  the  following  equation  : — 

2KAuCy2 + Zn  =  K^ZnCy^  +  Au^, 
because  the  consumption  of  zinc  is  markedly  greater  than  indicated 
by  it. 

According  to  the  equation,  65"1  parts  of  zinc  should  precipitate 
393*6  parts  of  gold,  or  1  part  of  zinc  to  6*2  parts  of  gold.  Actually  in 
working  on  a  large  scale,  453  parts  of  zinc  will  only  precipitate  90  to 
32  parts  of  gold,  or  1  part  of  zinc  to  -J — yV  P^^t  of  gold.  Christy- 
gives  the  following  equations  to  represent  the  precipitation  in  the 
absence,  and  in  presence  of  free  potassium  cyanide  respectively : — 

4KAuCy2 + 4Zn  +  2H2O  =  2ZnCy2 + KgZnCy^ + Zn(0K)2 + 4H + 4Au. 
2K  AuCya + 3Zn + 4KCN  +  2H2O  =  2K2ZnCy, + Zn(OKX + 4H  +  2Au. 

In  the  first  case  1  part  of  zinc  should  precipitate  3*1  parts  of 
gold,  and  in  the  second  206  parts  of  gold. 

The  causes  of  the  greater  consumption  of  zinc  than  is  demanded 
by  theory  are : — the  solution  of  zinc   to  form  potassium  zincate. 

1  The  Mineral  Indrntry^  1900,  chapter  **  Gold  and  Silver." 
^  Massachusetts  InsL   Tech.  Qtiar.  Deo.,  1S97.     Berg-  nnd  fffUUnm.   Ztg.  18^. 
p.  246. 


According  to  Butters  and  Clennell,'  the  contact  of  the  zinc  with 
the  precipitated  gold  produces  an  electrical  current  which  decom- 
poses water,  zinc  being  o^tidised  by  the  oxygen  generated,  and  zinc 
hydrate  being  produced  according  to  the  following  reaction  : — 
Zn+2H5,0  =  Hi+Zn(OH)j. 

The  hydrate  of  zinc  is  dissolved  by  potassium  cyanide  with  the 
formation  of  caustic  potash,  thus : — 

Zn(OH),+4KCy  =  K5ZnCy4+2KOH. 

The  caustic  alkalies  contained  in  the  solution  convert  a  part 
of  the  zinc  into  potassium  zincate  with  the  evolution  of  hydrogen; 
this  compound  precipitates  zinc  cyanide  as  a  white  precipitate  from 
the  potassium-zinc  cyanide.  With  caustic  soda  the  reactions  are  as 
follows : — 

Zn  +  2NaOH  =  Zn(ONa)j + Hj. 
2H,0  +  Zn{ONa)j+ K^nCy,  =  2ZDCyg+ 2NaOH  +  2K0H. 

These  reactions  limit  the  accumulation  of  zinc  in  the  solutions. 

Potassium -zinc  cy&nide  is  incapable  of  dissolving  gold.  As  all 
attempts  to  regenerate  potassium  cyanide  from  this  compound  have 
hitherto  Hailed,  so  that  the  potassium  cyanide  contained  in  it  is  lost, 
BO  far  as  gold  extraction  is  concerned. 

The  zinc  turnings  are  prepared  by  turning  a  number  of  discs  of 
zinc,  fastened  together  so  as  to  form  a  cylinder,  in  a  lathe  with  an 
ordinary  chisel ;  these  turnings  are  prepared  immediately  before 
being  used  to  prevent  any  oxidation  of  their  surface.  Granulated 
and  sheet  zinc  do  not  present  sufficient  surface,  whilst  zinc  dust  and 
zinc  amalgam  possess  the  necessary  surface,  but  choke  up  as  soon  as 
the  current  of  solution  through  them  is  interrupted,  Sulman  and 
Teed  have  suggested  the  use  of  zinc  fume,  but  this  has  only  found 
limited  application.  The  zinc  must  be  free  from  arsenic  and  anti- 
mony, as  these  elements  pass  over  into  the  gold. 

The  precipitation  boxes  or  zinc  boxes  are  made  of  wood  as  a 
general  rule,  though  steel  boxes  have  been  used  in  California.  The 
boxes  are  set  on  an  incline,  and  are  divided  by  transverse  partitions 
so  as  to  form  a  number  of  alternately  wide  and  narrow  compartments, 
through  which  the  solution  flows  alternately  upwards  and  downwards. 
In  each  of  the  wider  divisions,  in  which  the  solution  flows  upwards, 
is  set  a  deep  sieve  with  its  bottom  made  of  wire  sieving,  with  4  boles 
to  the  linear  inch.    These  sieves  rest  on  cleats  and  can  be  lifted 

'  Sng.  and  Mia,  Jourrt.  1892,  p.  416. 
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out.  The  zinc  tuniings  are  charged  into  them ;  the  gold  solution 
flowing  upwards  deposits  the  gold  underneath  the  shavings,  whence 
it  can  fall  through  the  sieve  on  to  the  bottom  of  the  precipitating 
box.  Zinc  boxes  are  generally  24  feet  in  length,  about  3  feet  wide,  and 
2  feet  to  2  feet  6  inches  deep.  They  are  made  of  9  inches  by  1'5  inch 
plank  ;  the  compartments  are  15  to  21  inches  long,  and  the  sieve 
mesh  ranges  from  i  to  ^  inch.  About  500  lbs.  of  zinc  are  placed 
in  the  boxes  and  this  is  changed  at  least  once  a  week,  the  undecom- 
posed  zinc  being  moved  to  the  forward  compartments,  whilst  the 
fresh  zinc  takes  its  place  in  the  rear  ones. 

In  a  plant  at  the  works  of  the  Witwatersrand  Gold  Mining 
Company,  vats  5  feet  in  diameter  and  3  feet  deep  are  used  instead  of 
boxes.  The  liquid  is  said  to  percolate  more  uniformly  through  the 
zinc  in  these  vats  than  in  boxes.^ 

The  zinc  consumption  per  ton  of  tailings  in  the  Transvaal  is 
2  ounces. 

At  the  Robinson  Works  the  zinc  boxes  are  20  feet  long  and  2 
feet  square  in  cross  section ;  they  are  divided  into  10  compartments, 
1  foot  9  inches  long.  The  first  is  left  empty  as  a  settling  box  ;  the 
next  7  are  charged  each  with  1^  cubic  feet  of  shavings,  weighing 
altogether  40  lbs.;  the  last  two  divisions  serve  to  catch  particles  of  gold 
that  might  otherwise  be  carried  off  by  the  solution.  The  strong  and 
weak  solutions  are  passed  through  separate  zinc  boxes,  and,  after  the 
gold  has  been  precipitated,  are  run  into  separate  storage  tanks,  whence 
they  are  pumped  back  into  the  solution  vats. 

The  zinc  boxes  lie  at  a  lower  level  than  the  leaching  vats.  The 
gold-bearing  solution  is  allowed  to  run  slowly  through  the  zinc 
shavings,  which  precipitate  the  gold  as  a  black  slime.  Besides  gold, 
silver  and  any  base  metals  in  the  solution  that  are  more  electro- 
negative than  zinc  are  precipitated  by  it.  The  proportion  of  cyanide 
in  the  escaping  liquor  is  far  less  than  in  the  entering  solution,  on 
account  of  the  reactions  above  described.  However  rich  in  gold  the 
entering  solution  may  be,  it  should  only  contain  a  few  grains  to  the 
ton  at  the  outflow. 

The  precipitated  gold  is  cleaned  up  once  or  twice  a  month.  Any 
gold  adhering  to  the  shavings  is  rubbed  off  as  far  as  possible,  and  then 
the  sieves  with  the  undissolved  zinc  turnings  lifted  out.  The  gold 
that  remains  is  either  allowed  to  settle  in  the  zinc  boxes,  the  solution 
above  it  drawn  or  syphoned  off  and  the  slimes  scraped  out,  or  else 
gold  and  solution  are  drawn  off  together  through  plug-holes,  and  the 
gold  allowed  to  settle  outside  the  zinc  box.  The  residual  slimy  mass 
is  rubbed  with  sticks  tipped  with  indiarubber  on  a  sieve  of  40  holes 

^  Caldecott,  Jowr.  Chem*  and  MetaU,  Soc  of  SotUh  Africa,  November  2,  1890. 
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to  the  linear  inch ;  pieces  of  zinc  are  thus  left  on  the  sieve,  and  these 
are  returned  on  top  of  the  zinc  shavings  in  the  first  divisions  of 
the  zinc  box.  The  gold  and  a  part  of  the  zinc  in  a  state  of  fine 
division,  are  forced  through  the  sieve,  together  with  the  remaining 
solution. 

This  slime  is  drained  as  far  as  possible,  and  is  ready  for  further 
treatment ;  it  consists  of  finely  divided  gold  and  silver,  considerable 
quantities  of  zinc,  also  lead,  tin,  copper,  antimony,  arsenic,  organic 
matters  and  other  impurities  from  the  zinc  and  the  ores. 

The  average  composition  of  slimes  is : — 

Gold  and  Silver 5-50  per  cent. 

Zinc        30-60 

Lead       10 

Carbon 10 


They  are  washed  well  with  water,  and  freed  from  excess  of  liquor  by 
squeezing  in  a  sack  or  by  filtration  in  a  press.  The  zinc  is  best 
removed  by  solution  in  hydrochloric  acid,  though,  owing  to  the  high 
price  of  this  acid  in  the  gold-fields,  sulphuric  acid  is  generally  used. 
The  acid  is  diluted  to  25°  B.,  warmed  with  steam,  and  the  solution 
carried  out  in  wood  vats  fitted  with  stirring  arrangements.  A  few 
pounds  of  saltpetre,  or  better  of  sodium  peroxide,  are  added  to  help 
the  reaction ;  and  water  is  added  as  soon  as  zinc  sulphate  begins  to 
crystallise  out.  One  pound  of  slimes  takes  from  ^  to  ^  a  pound  of 
acid.  When  all  the  zinc  has  been  brought  into  solution,  the  vat  is 
filled  with  water,  lime  is  added  to  throw  down  suspended  gold 
particles,  and  the  gold  sediment,  after  washing  and  dr}dng,  is  melted 
down  in  plumbago  crucibles. 

Legget's  method  ^  for  treatment  of  gold  slimes  is  carried  out  at 
the  Treasury  Mine  in  the  Transvaal  as  follows.  The  slimes  are 
transferred  to  a  wooden  vat  fitted  with  a  sieve,  on  which  the  coarser 
fragments  of  zinc  are  retained.  The  mud  which  passes  through  is 
filtered,  and  the  residue  left  on  the  bottom  of  the  vat  is  treated  with 
concentrated  sulphuric  acid  until  the  solution  becomes  nearly  neutral, 
the  gases  evolved  being  led  off  through  a  hood.  Towards  the  end  of 
the  process  the  hood  is  raised  and  hot  water  added  until  the  vessel  is 
full,  the  mass  being  stirred  continuously  with  a  wooden  shovel.  This 
mud  is  then  run  off  hot  through  a  rubber  pipe  to  the  filter  press,  and 
the  residue  washed  with  hot  water  at  a  pressure  of  60  to  80  lbs.  to 
the  square  inch,  until  the  last  traces  of  zinc  sulphate  are  removed. 
By  forcing  air  through  the  filter,  part  of  the  moisture  can  be  removed 

^  Blng.  and  Min,  Jour,  May  29,  1897 
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from  the  slimes.  These  are  now  taken  from  the  press,  dried  in  a 
muffle  furnace,  and  melted  down ;  they  yield  an  alloy  containing 
7503  per  cent,  of  gold  and  9*29  per  cent,  of  silver.  The  loss  of  gold 
in  the  process  is  under  O'l  per  cent.,  and  the  consumption  of 
sulphuric  acid  is  double  the  weight  of  dried  slimes. 

The  advantages  of  the  process  are  the  complete  removal  of 
zinc,  the  slight  loss  during  drying,  and  the  production  of  a  clean 
slag. 

Precipitation  of  gold  by  zinc  dust  is  employed  at  the  Golden 
Gate  Mine,  near  Mercur,  Utah.^  The  zinc  dust  is  added  in  portions 
to  the  liquid,  which  is  contained  in  vats  8  feet  deep  by  14  feet  in 
diameter,  and  agitation  is  brought  about  by  blowing  air  through  the 
mass.  Potassium  cyanide  is  added  from  time  to  time  in  order  to 
keep  the  liquid  alkaline.  One  ton  of  ore  requires  0*4  lb.  of  zinc. 
After  filtration  the  precipitate  is  treated  with  sulphuric  and  nitric 
acids,  whereby  a  residue  is  obtained  containing  60  per  cent,  of  gold. 
This  is  filtered,  dried  in  a  muffle,  powdered,  and  then  melted  in  a 
plumbago  crucible  with  a  flux  composed  of  1  part  of  potash  and 
2  parts  each  of  soda  and  borax.     The  gold  thus  obtained  is  950  fine. 

Carter  and  Betty's  method  *  of  precipitation,  by  means  of  the 
zinc-lead  couple,  has  been  introduced  quite  recently  at  the  Crown 
Deep  Mine,  Johannesburg.     One  merit  of  this  process  is  the  liberal 
disengagement  of  hydrogen  which  takes  place,  and  which  is  necessary 
for  the  effective  precipitation  of  gold  i&rom   very  dilute  solutions. 
A  further  advantage  is  that  copper  cannot  be  thrown  out  of  solu- 
tion by  the  lead.     To  prepare  the  couple,  zinc  turnings  are  allowed 
to  remain  in  a    10  per  cent,  solution  of  sugar  of  lead,  until  they 
take  on  a  dull  colour.     They  are  then  brought  without  delay  into 
the  gold  solution,  and  kept  completely  covered  with  the  same,  since 
air  reduces  their  activity.     An  essential  condition  for  the  success  of 
the  process  is  the  addition  of  fresh  potassium  cyanide  to  the  solution. 
The  precipitating  vats  are  40  feet  long,  6  feet  broad,  and  5  feet  deep, 
and  are  divided  into  9  compartments.     In  1  hour,  15  tons  of  clear 
gold  solution  pass  through  these  vats.     The  precipitation  takes  place 
rapidly  for  the  first  4  or  5  days ;  then  it  ceases  in  the  forward  com- 
partments after  10  or  11   days,  and   the  zinc  rises  to  the  surface 
of  the  liquid.      This   is   removed  and   freshly  prepared   lead-zinc 
added  in  its  stead,  the  old  metal  being  used  further*  for  the  treat- 
ment   of  the    strong    gold   solutions   obtained   from   sands.    The 
precipitated   gold  contains  zinc  and  a  relatively  large   amount  of 

^  The  Mineral  InduUry,  1900. 
«  Ibid,  1899,  p.  332. 


GOLD  1031 

lead.  One  sample  examined  by  Carter  contained  23  per  cent,  of 
lead.  The  gold  precipitate,  after  fusing  with  borax,  nitre,  soda, 
and  sand,  yields  a  metal  876  fine.  The  cost  of  treatment  is  given 
by  Carter  as  5*85d.  per  ton  of  slime ;  this  is  made  up  as  follows : — 
for  cyanide,  4i'05d, ;  for  zinc,  0'66rf. ;  for  sulphuric  acid,  0*6  Id. ; 
for  power,  OSld,  ;  for  lead  acetate,  0*22rf.  The  waste  liquor  firom 
the  precipitating  vats  contains  about  2  grains  per  ton  of  gold. 

It  is  said  that  this  method  was  patented  in  America  in  1894 
by  J.  S.  MacArthur,  and  was  formerly  worked  in  the  Lydenburg 
district. 

The  disadvantages  of  the  zinc-precipitation  process  are:  that 
potassium  cyanide  cannot  be  regenerated  from  the  potassium  zinc 
cyanide  formed  in  the  process.  The  latter  substance  must  therefore 
be  run  off  from  time  to  time,  and  this,  in  view  of  its  poisonous  pro- 
perties, is  a  rather  dangerous  proceeding.  Furthermore,  zinc  brings 
about  loss  of  cyanide  by  secondary  reaction,  the  turnings  must  be 
prepared  in  the  works  immediately  before  use,  and  the  amount 
consumed  is  very  great.  In  addition,  the  zinc-bearing  precipitate 
can  only  be  worked  up  with  difficulty  for  gold,  and  the  loss  of  gold 
in  working  it  is  considerable. 

T?ie  Electrolytic  PredpUcUion  of  Ooldfrom  Cyanide  SohUions. 

This  method  has  been  elaborated  by  Messrs.  Siemens  and  Halske, 
and  was  first  put  into  practice  in  the  Transvaal,  where  it  has  attained 
to  considerable  importance  by  reason  of  its  advantages  over  the  zinc 
process.  In  brief,  the  process  consists  in  the  electrolysis  of  weak 
cyanide  solutions  of  gold,  using  lead  cathodes,  and  in  the  melting  down 
and  cupellation  of  these  gold-coated  cathodes.  The  gold  deposited 
on  the  cathodes  is  purer  and  more  easily  extracted  than  when  pre- 
cipitated with  zinc ;  weaker  solutions  can  be  employed,  with  the 
result  that  less  cyanide  goes  to  waste,  and  the  presence  of  lime  is 
not  detrimental  to  the  process. 

The  anodes  are  made  of  iron  or  steel  plate.  During  electrolysis, 
the  double  cyanide  of  gold  and  potassium  is  split  up,  gold  passing  to 
the  cathode  and  potassium  to  the  anode,  where  it  forms  the  hydroxide. 
Cyanogen  unites  with  iron  at  the  anode  to  form  Prussian  blue.  The 
disadvantages  of  the  process  enumerated  by  Christy  are :  that  all  the 
cyanogen  combined  with  iron  is  rendered  useless,  that  the  weak  solu- 
tions have  too  high  a  resistance,  and  that  under  certain  conditions 
gold  is  deposited  on  the  anodes  and  an  insoluble  gold  compound  is 
formed.  It  appears  that  the  compound  KAu(CN)2  splits  up,  not 
only  into  K,  Au,  and  (CN)2,  but  also  into  K  and  Au(CN)2,  and  that 
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this  electronegative  radical  Au(CN)2  wanders  to  the  anode.  Christy 
ascribes  the  deposition  of  gold  at  the  cathode  to  the  reducing  action 
of  metallic  potassium  on  the  surrounding  electrolyte.  Continued 
electrolysis  with  high  current  densities  is  said  to  effect  at  length  the 
complete  separation  of  gold  at  the  cathode.  Christy  admits,  how- 
ever, that  the  diflBculties  of  the  process  have  been  overcome  by  the 
arrangements  of  Siemens  and  Halske,  mainly  by  increasing  the  area 
of  the  cathodes  and  by  keeping  the  electrolyte  in  active  motion. 

At  the  Worcester  Works  in  the  Transvaal,  where  the  process  was 
first  operated  on  a  large  scale  (in  May,  1894),  the  strong  solution  con- 
tains 005  to  008  per  cent,  of  potassium  cyanide,  the  weak  solution 
001  per  cent.,  and  the  average  gold  content  of  all  solutions  is  150 
grains  per  ton.  Liquors  obtained  by  a  month's  treatment  of  3000 
tons  of  slimes,  containing  120  grains  of  gold  per  ton,  are  contained 
in  4  vats,  20  feet  by  8  feet  by  3  feet  9  inches  in  dimensions.  The 
anodes  are  of  iron,  and  are  7  feet  long,  3  feet  wide,  and  ^V  ^^^^ 
thick.  They  stand  on  wooden  slats  fixed  to  the  bottom  of  the  vat, 
and  are  held  in  position  by  side  pieces.  Wrappings  of  linen  round 
these  anodes  prevent  short-circuiting  through  the  Prussian  blue 
formed  during  electrolysis.  Half  of  the  anodes  are  completely 
immersed  in  the  liquid  and  rest  on  the  bottom  of  the  vat;  the 
alternate  plates,  however,  are  lifted  up  an  inch  to  allow  of  circulatioD. 
The  cathodes  are  of  thin  lead  foil  in  strips  20  feet  by  1  foot,  weigh- 
ing 1^  lbs.  per  sq.  yd.,  set  in  a  wooden  frame.  Each  vat  contains  87 
cathodes  with  a  total  area  of  350  sq.  yds.,  and  the  distance  between 
the  electrodes  is  1  inch.  The  current  density  is  50  amperes  per  sq. 
yd.,  the  tension  4  volts.  The  energy  consumed  is  5  h.p.  as  against 
the  theoretical  3*5,  a  great  deal  of  the  energy  being  employed  in 
decomposing  water  owing  to  the  low  conductivity  of  the  solution. 

At  the  Croesus  Works  in  the  Transvaal,  the  vats  are  30  feet  long, 
4J  feet  wide,  and  9  feet  high  ;  they  hold  121  anodes  4J  feet  broad, 
1  foot  high,  and  \  inch  thick,  and  120  cathodes  with  a  total  area  of 
870  sq.  yds.  Each  lead  foil  weighs  125  ounces.  Each  vat  puts 
through  50  tons  of  liquor  containing  0*1  ounce  of  gold  per  ton  in 
24  hours.  The  rate  of  flow  of  the  liquid  round  the  plates  is  1  foot 
per  minute,  and  the  whole  course  of  the  electrodes,  960  feet,  is 
traversed  in  14y  hours. 

The  following  table  by  Williams  shows  the  progress  of  deposition, 
with  the  time,  for  the  case  of  a  vat  holding  56  electrodes,  each  8  feet 
by  4  feet,  and  24  tons  of  liquor  containing  0005  per  cent,  of  potassium 
cyanide  and  01 25  ounce  of  gold  per  ton.  One  ton  of  spent  liquor 
was  withdrawn  from  the  vat  each  hour. 
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Gold  Content,    ^^ofassraln  Cyanide. 
No.  of  sample.    Time  in  hours.      Ounces  per  ton.         Strength  per  cent. 

1  3  00580  0004 

2  6  00420  — 

3  9  00025  — 

4  12  00017  0004 

5  15  00009  — 

6  18  00004  0004 

7  21  00001  — 

8  24  0  0004 

It  will  be  seen  from  this  that  the  deposition  of  gold  was  complete, 
and  that  the  quantity  of  cyanide  used  was  small. 

The  cathode  area  has  been  considerably  increased  of  late,  without 
a  corresponding  enlargement  of  the  baths,  by  cutting  the  sheet 
lead  into  strips  an  inch  broad.  To  ensure  better  contact  these 
are  bound  together  at  one  end.  Each  vat  is  divided  into  10 
compartments,  4  feet  8  inches  wide,  3  inches  long,  and  4  inches 
deep,  and  each  compartment  contains  12  steel  anodes,  30  inches 
by  27  inches  by  \  inch,  placed  perpendicularly  to  the  longer  axis  of  the 
bath  at  distances  apart  of  4  inches.  Cathodes  of  lead  foil,  fastened 
to  a  light  frame  of  galvanised  iron  wire,  hang  between  the  anodes. 
The  lead  weighs  25  ounces  per  square  foot.  Experiments  with  a 
view  to  replace  lead  foil  by  lead  turnings  have  not  yielded 
favourable  results.  The  electrodes  are  connected  to  the  leads  by 
mercury,  the  current  density  is  30  amperes  per  square  yard,  and 
the  potential  4  volts. 

Liquors  of  diflFerent  strength  are  treated  and  stored  in  separate 
vats.  Of  these  liquors  there  are  usually  three,  strong,  medium, 
and  weak,  containing  0*02,  from  0*01  to  002,  and  001  per  cent, 
of  cyanide  respectively.  The  storage  tanks  are  usually  made  of 
steel  plate ;  as  the  cyanide  solution  attacks  copper,  all  bronze 
articles  must  be  excluded  in  the  process.  The  vats  are  cleaned  up 
monthly,  the  old  cathodes  being  replaced  by  new  ones.  The  lead 
which  contains  from  0*5  to  10  per  cent,  of  gold  is  folded  up,  melted 
in  a  small  reverberatory,  and  cast  into  ingots  containing  2  to  4  per 
cent,  of  gold.  During  the  melting,  the  impurities  rise  as  scum,  and 
are  removed  to  be  worked  up  later  with  the  cupellation  scums.  Each 
works  has  its  own  reverberatory  for  melting  down  the  cathodes,  but 
the  cupellation  is  all  done  on  the  English  cupellation  hearth  of  the 
Band  Central  Ore  Reduction  Company.  The  gold  thus  obtained 
is  900  fine.  The  litharge  takes  up  1  per  cent,  of  the  gold  present  in 
the  lead. 


1034  METALLURGY 

Attempts  have  been  made  of  late  to  extract  the  gold  from 
the  gold-bearing  lead  by  means  of  zinc.  The  zinc-gold  alloy 
is  distilled  and  the  residues  containing  10  per  cent,  of  gold 
are  cupelled. 

Electroly^  is  a  cleanly  process ;  it  is  quick  of  execution  and 
allows  of  the  use  of  weak  solutions.  The  consumption  of  cyanide, 
inclusive  of  that  used  for  leaching,  is  4 J  ounces  per  ton  of  tailings,  as 
against  7^  ounces  when  the  zinc  precipitation  method  is  employed. 
On  the  other  hand,  the  plant  is  more  expensive,  and  more  power  is 
needed  than  in  the  latter  process.  According  to  Carter,^  10,317  tons 
of  slimes  were  treated  by  the  electrolytic  process  at  Crown  Deep, 
Johannesburg,  during  April,  May,  and  June  of  1898.  The  costs  per 
ton  were  6*96i  for  cyanide,  3"84d.  for  lead,  0'95d.  for  energy,  I'lSd. 
for  patent  rights ;  in  all  Is,  0'9Sd. 

The  Siemens  process,  in  conjunction  with  the  leaching  of  sands 
and  tailings,  is  profitably  used  in  a  great  many  works  in  the  Trans- 
vaal. In  1898,  sands  were  treated  by  it  in  12  works,  and  tailings  in 
14  works  in  the  Transvaal,  {v.  Zeitschrift  fur  Elektrochemie,  1898, 
vol.  v.,  p.  101.) 

Sherard  Cowper  Coles  has  proposed  the  use  of  cathodes  of 
aluminium,  upon  which  gold  is  deposited  in  easily  detachable  scales, 
probably  owing  to  the  thin,  loose  coating  of  oxide  which  forms  on  the 
surface  of  the  metal.  The  best  results  are  said  to  be  got  by  electro- 
lysing at  a  temperature  of  100°  F.* 

Andreoli  recommends  anodes  of  lead  coated  with  lead  peroxide, 
which  are  unaffected  by  cyanide  solutions,  and  cathodes  of  iron. 
Qold  is  said  to  cling  to  iron  better  than  to  lead,  and  its 
removal  from  the  iron  is  easily  brought  about  by  dipping  in  molten 
lead.  This  lead  is  then  cupelled  and  the  iron  plates  are  used 
over  again.^ 

Another  electrolytic  process,  which  has  come  into  use  in  the 
States,  is  that  of  Pelatan-Clerici,.  in  which  the  gold  is  dissolved  by 
mercury,  and  the  solution  and  precipitation  are  carried  out  in  the 
same  apparatus.  The  solvent  is  weak  cyanide  solution,  and  the  gold 
electrolytically  precipitated,  as  well  as  the  coarser  undissolved 
particles,  are  caught  in  a  mercury  bath  which  forms  the  cathode. 
The  apparatus  *  consists  of  a  wooden  vat  on  the  bottom  of  which  Ues 
an  amalgamated  copper  plate  covered  with  mercury.     This  serves  as 

^  The  Mineral  Industry,  1899,  p.  332. 

'  Eng.  and  Min,  Joum,  August  6,  1898,  p.  15S. 

>  Ibid.  Jftnoary  22,  1898,  p.  100. 

*  Revue  univers,  des  Mines  etdela  Metallurgie,  1897»  p.  1821. 
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the  cathode.  A  vertical  shaft  with  steel  stirring  arms  reaching 
nearly  to  the  bottom  of  the  vat  forms  the  anode.  The  ores  are 
stirred  in  this  vat  with  cyanide  solution  containing  salt  and  an 
oxidising  agent,  the  current  being  passed  in  meanwhile  through 
the  shaft  of  the  stirring  arrangement.  The  finely-divided  gold 
is  dissolved  by  the  cyanide  and  absorbed  by  the  mercury  on 
liberation  at  the  cathode,  and  the  coarser  particles  of  gold  which  are 
undissolved  by  the  electrolyte  are  amalgamated  by  direct  contact 
with  the  mercury. 

From  75  to  85  per  cent,  of  the  gold  and  between  50  and  80 
per  cent,  of  the  silver  present  in  the  ores  is  obtained  in  this  way, 
with  a  consumption  of  2  lbs.  of  cyanide  and  4  to  22  lbs.  of  salt  per 
ton  of  ore.  The  nature  of  the  oxidising  agent,  of  which  02  lb. 
per  ton  is  used,  is  kept  secret.  The  loss  of  mercury  is  said  not 
to  exceed  1*5  ounces  per  ton  of  ore.  A  plant  of  20  vats  work- 
ing off  100  tons  daily  of  average  ore  (0*6  ounce  per  ton)  is  said 
to  require  30  h.p. 

The  apparatus  needed  for  the  treatment  of  40  tons  of  ore  in  24 
hours  is  shown  in  Figs.  690  to  692.  In  Fig.  690,  a  represents  the 
rough  crusher,  b  the  ball-mills,  and  c  the  vats,  which  can  be  emptied  at 
d\  e  is  a  leaching  vat.  The  vats  are  shown  in  Figs.  691  and  692. 
The  current  enters  the  shaft  w  at  y,  and  passes  to  the  4  anode  plates 
tj  which  are  placed  4  inches  above  the  amalgamated  cathode  plate. 
The  current  leaves  the  cathodes  at  Z,  The  vats  are  8  feet  3 
inches  in  diameter  and  4  feet  3  inches  high,  and  they  put  through 
5,500  lbs.  of  ore  in  12  hours.  It  is  impossible  at  present  to  form  any 
definite  opinion  as  to  the  value  of  the  process. 

In  the  process  of  Goepner-Diehl,^  the  cyanide  solution  of  gold, 
freed  from  sediment  by  filtration,  is  treated  with  excess  of  cuprous 
cyanide  and  then  sulphuric  acid.  The  acid  precipitates  a  mixture  of 
aureus  and  cuprous  cyanides,  which  is  dissolved  in  fresh  auriferous 
liquor  and  again  precipitated  with  sulphuric  acid.  Repetition  of  this 
process  gives  eventually  a  precipitate  rich  in  gold.  This  is  filtered, 
dissolved  in  pure  cyanide  solution,  and  electrolysed.  Gold  separates 
at  the  cathode  and  cuprous  cyanide  at  the  anode.  This  can  be  used 
over  again.  The  acid  liquors  from  the  cyanide  precipitate  are  made 
alkaline,  potassium  cyanide  is  added,  and  the  solution  used  again  for 
leaching  purposes. 

This  process  is  in  use  at  Brownhill,  in  Australia,  and  is  worked 
along  with  the  dry  separation  process. 

1  C.  Blomeke,  Btrg-  und  HiUUnm,  Zig.  1897,  p.  440. 


METALLURGY 


Moiloyhas  proposed  an  amalgam  of  potassium  or  sodium.  Potassium 
or  sodium  amalgam  precipitates'^old  from  the  auropotassium  cyanide 
solution,  with  the  formation  of  gold  amalgam  and  regeneration  of 
potassium  or  sodium  cyanide,  the  latter  being  as  effective  as  the  former 
as  a  solvent  for  gold.  Hitherto  it  has  not  been  possible  to  prepare 
these  alloys  cheaply  enough. 

Molloy  prepares  the  sodium  by  the  electrolysis  of  sodium  car- 
bonate.^ He  allows  the  gold  solution  to  flow  through  a  shallow 
vessel,  the  bottom  of  which  is  covered  by  a  layer  of  mercury.  In 
this  vessel  there  is  a  cylindrical  vessel  without  bottom,  so  placed  that 
its  lower  edge  dips  below  the  surface  of  the  mercury.  The  latter 
vessel  is  filled  with  sodium  carbonate  and  contains  a  leaden  rod,  which 
forms  one  of  the  poles  of  an  electric  circuit,  the  quicksilver  forming 
the  other.  When  the  circuit  is  closed  the  sodium  carbonate  is  decom- 
posed, the  sodium  being  separated  at  the  mercury  pole  and  alloying 
with  it.  The  sodium  of  the  sodium  amalgam  thus  formed  precipi- 
tates the  gold  from  its  solution  and  replaces  it ;  the  gold  is  taken 
up  by  the  mercury  and  amalgamated  by  it.  Though  this  process 
succeeds  admirably  in  the  laboratory,  yet  considerable  difficulties  are 
met  with  in  practice,  caused  in  the  main  by  diffusion  of  the  electro- 
lyte and  by  the  horizontal  position  of  the  cathode.  This  arrange- 
ment of  the  cathode  precludes  good  contact  when  large  masses  are 
under  treatment. 

With  respect  to  the  use  of  aluminium.  Dr.  Roessler  finds  that 
sheet  aluminium  has  the  advantage  of  precipitating  gold  from  feebly 
alkaline  solutions  at  a  comparatively  rapid  rate,  regenerating  the 
cyanide  of  potassium  at  the  same  time,  as  shown  by  the  following 
equation : 

6(AuKCya)  +  6KHO-|-AIj  =  6Au-M2KCy-|-Al,Oj-l-3H,0. 

This  method  has,  however,  not  gained  a  footing.  Precipitation  of 
gold  as  mixed  cuprous  and  aureus  cyanide  has  also  been  proposed  by 
Christy.*  His  method  consists  in  making  the  gold  solution  slightly  acid 
with  sulphuric  acid,  removing  the  excess  of  prussic  acid  thus  formed 
either  by  blowing  air  through  or  by  addition  of  zinc  sulphate  before 
acidification,  and  then  adding  cuprous  chloride  to  the  solution  until 
potassium  ferricyanide  gives  a  red  precipitate.  In  this  way  the  gold 
is  thrown  out  as  cuproaurocyanide,  which  is  insoluble  in  weak  acid. 
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but  readily  soluble  in  potassium  cyanide.  When  very  weak  solu- 
tions are  to  be  dealt  with  the  following  method  is  recommended : 
The  solution  is  acidified  with  sulphuric  or  sulphurous  acid,  and  a 
solution  of  copper  sulphate  and  sodium  chloride  saturated  with 
sulphur  dioxide  is  added  until  the  filtrate  gives  a  red  precipitate 
with  potassium  ferricyanide.  The  liquor,  or,  if  filtered,  the  filtrate, 
is  allowed  to  stand  at  least  12  hours,  to  ensure  complete  precipitatioi]. 
Filtration,  first  through  cupric  sulphide  to  retain  soluble  or  sus- 
pended gold,  and  then  precipitation  of  the  copper  by  iron  turnings 
have  been  proposed. 

Wilde  proposes  the  following  methods  for  the  recovery  of  gold 
from  the  cuproaurocyanide  : — 

1.  Roasting  in  reverberatories  to  form  gold  and  copper  oxide, 
and  solution  of  the  latter  by  sulphuric  acid.  The  gold  is  left  pure 
in  the  residues  and  the  cupric  sulphate  in  solution  passes  back  into 
the  process, 

2.  Solution  of  cuprous  cyanide  from  the  precipitate  by  means  of 
dilute  nitric  or  hydrochloric  acid.  The  residual  aureus  cyanide  is 
then  washed,  dried,  and  heated,  whereby  a  residue  of  pure  gold  is 
obtained. 

3.  Heating  of  the  precipitate  with  sulphuric  acid  of  strength 
60*"  B.  Copper  is  dissolved  in  this  way,  and  pure  spongy  gold 
remains. 

No  details  for  working  on  a  large  scale  are  forthcoming. 

The  extraction  of  gold  from  the  sulphide  precipitate  by  electro- 
lysis has  been  already  described  under  the  Qopner-Diehl  process. 

Charcoal  is  unsuitable  for  precipitation  of  gold  fit)m  cyanide 
solutions ;  copper  sulphide,  and  the  chlorides  of  mercury  and  zinc, 
have  found  no  application  as  precipitants,  since  they  throw  out 
compounds  of  gold  from  cyanide  solutions.^  Sulphuric  and  sul- 
phurous acids,  oxalic  acid  and  ferrous  sulphate  are  either  without 
action  or  are  imperfect  precipitants  in  presence  of  excess  of  potassium 
cyanide. 

Christy  has  been  unable  to  confirm  the  statement  that  a  solution 
of  potassium  gold  cyanide  gives  an  immediate  yellow  precipitate  of 
gold  cyanide  on  acidification  with  sulphuric  acid.  A  solution 
obtained  by  leaching  ores  with  1  per  cent,  cyanide,  even  though 
containing  100  dollars  of  gold  per  ton,  could  not  be  precipitated  by 
sulphuric  acid.  By  evaporation  and  concentration  of  the  acid  a 
canary-yellow  precipitate  was  formed,  which  on  further  concentra- 
tion decomposed  gradually,  yielding  metallic  gold.     The  formation 

1  Christy,  Traiia.  AJ.M.E.  xxvl,  1896. 


Potassium  cyanide  can  be  regenerated  &om  solutions  acidified 
with  sulphuric  acid  by  passing  the  prussic  acid  thus  produced  into 
potash  solution. 

III.  Treatment  of  the  Precipitated  Gold 

The  purification  of  the  gold  precipitate,  and  the  treatment  of 
the  same  for  gold,  have  been  already  described  under  the  precipita- 
tion processes. 

The  precipitate  from  the  zinc  process  is  generally  melted,  after 
drying,  in  plumbago  crucibles  with  fluxes  like  fluorspar,  nitre,  soda, 
and  borax.  Each  crucible  holds,  after  four  fillings,  about  500 
ounces  of  the  charge,  to  which  is  added  75  to  100  per  cent,  of  flux. 
If  the  gold  is  very  pure,  sand  is  added,  otherwise  fluorspar.  Zinc 
volatihses  mostly,  carrying  with  it  considerable  quantities  of  gold. 
The  slags,  which  contain  zinc,  retain  gold,  and  have  to  be  cleaned  on 
the  cupellation  hearth  or  otherwise.  The  metal  thus  produced  is 
melted  down  with  borax  and  nitre  and  cast  into  bars. 

The  bar  gold  is  600  to  800  fine  and  contains  silver,  lead,  zinc, 
copper,  and  on  rare  occasions  nickel.  Transvaal  gold  sold  in  London 
gave  the  following  analyses ' : — 


Gold 

Silver 

Zinc 

Lead 

Coppei 

Iron 

Nickel 


15-0 
70 
6-5 


1000 


61-7 


9-6 
16-4 


100-0 


72-6 


1000 


The  slags,  which  contain  gold  grains,  are  ground  and  washed,  and 
the  residues  after  this  treatment  contain  19  to  25  ounces  of  gold  per 
ton.  These  are  either  sold,  or  melted  in  reverberatories  with  coal 
and  litharge,  fresh  slags  being  added  until  the  bath  contains  1  to  2 
per  cent,  of  gold.  This  lead,  like  the  auriferous  lead  from  the 
Siemens-Halske  process,  is  melted  in  cast-iron  pots  and  treated  with 
zinc,  producing  an  alloy  with  10  per  cent,  of  gold.  Part  of  the  lead  is 
'  T.  K.  Rose,  op.  cit.  p.  305. 
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liquated  from  this  alloy,  the  zinc  is  distilled  off,  and  the  residue  is 
cupelled.  Transvaal  gold  prepared  by  the  Siemens  and  Halske 
process  contains  84  to  91  per  cent,  of  gold,  and  5  to  11  per  cent,  of 
silver. 

The  cost  of  treatment  of  1  ton  of  tailings,  with  an  extraction  of 
70  per  cent,  of  the  gold,  is  2^  to  3  shillings  in  the  TiBnsvaal.  The  cost 
per  ton  where  10,000  tons  are  worked  off  monthly  is  as  follows  ^  : — 

Crushing  and  copper  plate  amalgamation     .    .  3  shillings. 

Cyanide  process  and  precipitation  with  zinc     .  3        „ 

Cyanide  process  and  electrolytic  precipitation  3 

Cyanide  process  for  slimes 6 


The  consumption  of  mercury  is  J  ounce  per  ton  of  ore,  of  cyanide  1  lb. 
per  ton  for  zinc  treatment,  and  ^  lb.  per  ton  in  the  Siemens  process ; 
of  zinc  1  lb.  per  ounce  of  gold  obtained. 

Although  potassium  cyanide  is  one  of  the  most  powerful  poisons 
when  taken  internally,  yet  the  number  of  accidents  when  working 
with  these  weak  solutions  is  extremely  small. 

The  Sulmaji'Tced  Process 

This  is  founded  on  the  solubility  of  gold  in  solutions  of  potassium 
cyanide  and  cyanogen  bromide.  The  equation  representing  the 
reaction  is : — 

CNBr + 3KCN  +  2  Au  =  2KAu(CN)2 + KBr. 

As  atmospheric  oxygen  is  not  needed  for  this  reaction,  the  liquor 
is  not  exposed  to  its  decomposing  influence.  The  solution  of  the  gold 
is  stated  to  be  completed  in  14  hours,  and  even  large  particles  of  gold 
are  said  to  be  rapidly  dissolved.  The  process  is  said  to  be  applicable 
for  pyritic  ores,  which  are  not  amenable  to  the  ordinary  cyanide 
treatment.  The  quantity  of  bromide  added  is  ^  that  of  the  potassium 
cyanide,  and  excess  of  bromide  must  be  avoided. 

To  precipitate  the  gold  from  solution,  the  latter  is  forced  from 
below  into  funnel-shaped  vessels,  where  it  comes  into  contact  with 
zinc  dust,  the  eddying  motion  of  the  liquor  effecting  a  thorough 
mixing  and  promoting  a  quick  reaction.  The  liquor  flows  out  at  the 
broad  part  of  the  funnel,  the  precipitate  is  collected,  mixed  with  a 
little  powdered  coke,  and  distilled.  The  zinc  dust  is  thus  regenerated. 

No  further  particulars  are  known  of  this  process,  which  is  said  u^ 
be  in  use  at  one  works  in  Canada  and  at  another  in  Australia. 

^  B*  W*  Begeer,  The  Metallurgy  of  OM  on  the  Band,  p.  110  (Freiberg,  1898). 
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The  Pei'manganate  Process  of  Black-Etard  ^ 

The  ores  are  roasted  and  treated  with  a  weak  solution  of  potassium 
permanganate  and  either  hydrochloric  acid  or  a  mixture  of  sodium 
chloride  and  sulphuric  acid.  The  gold  is  precipitated  by  means  of 
ferrous  sulphate.  This  method  has  been  tried  experimentally  at 
Dunedin  in  New  Zealand,  but  nothing  definite  is  known  about  it. 

The  Chloride  of  Sulphur  Process 

This  process  is  patented  in  England  (6302, 1893,  and  23006, 1894) 
and  in  America  (591527).  It  depends  on  the  solubility  of  gold  in 
sulphur  chloride  saturated  with  chlorine  (with  formation  of  the 
double  chloride,  AuClj,.S2Cl4),  and  on  the  precipitation  of  gold  from 
this  solution  either  by  heating  or  by  reduction  with  charcoal.  No 
details  are  to  hand. 

C.  The  Extraction  of   Gold  by  the  Formation  of   Alloys 

FROM   WHICH  THE  GOLD  IS   OBTAINED   BY  PARTING 

This  method  of  gold  extraction  coincides  as  regards  the  formation 
of  the  alloys  with  the  smelting  processes  already  described,  and  as 
regards  the  separation  of  gold  therefrom  with  gold  parting  to  be 
described  presently. 

D.  The  Electrometallurgical  Extraction  of  Gold 

Electrolytic  methods  are  used  both  for  separating  gold  from  its 
alloys,  and  for  extracting  it  from  its  ores. 

Under  this  head  may  be  classed  the  already  described  cyanide 
processes  combined  with  electro-deposition  of  the  gold. 

Methods  similar  to  those  of  Siemens  and  Halske  and  of  Pelatan 
and  Clerici,  described  above  under  the  cyanide  process,  have  been 
lately  proposed  by  Hebans  (U.S. A.  Patent,  No.  603904)  and  by  Biecken 
(Eng.  Patent,  No.  6147, 1898),  but  they  do  not  appear  to  have  come 
into  practice. 

Methods  of  gold  extraction  from  ores,  such  as  have  been  proposed 
by  Cassel  and  Barker,  have  never  come  into  use.  Cassel's  *  method 
consisted  in  treating  the  ore  in  a  revolving  drum  with  a  solution 
of  salt,  through  which  an  electric  current  is  passed.  The  chlorine  thus 
set  free  was  supposed  to  dissolve  the  gold,  whilst  the  acids  formed  by 
secondary  reactions  were  neutralised  with  lime. 

*  The  Eng,  and  Min.  Journ.  1898,  p.  345. 
'  Dingler^s  Journal^  vol.  254,  p.  296. 
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Barker  s  method,  which  was  in  use  for  a  short  time  only  at  Curra 
Rossi,  in  Hungary,  consisted  in  amalgamating  ores  crushed  between 
rolls  in  revolving  cylinders,  the  greater  part  of  the  amalgam  pro- 
duced being  then  separated  from  the  residues  by  discharging  the 
mass  from  the  cylinders  on  to  large  tables,  and  finally  the  rest  of  the 
amalgam  was  collected  on  amalgamated  plates  by  the  aid  of  the 
electric  current.  The  electrolytic  extraction  of  gold  from  its  alloys  is 
considered  under  the  head  of  Parting. 

Parting 

As  the  greater  part  of  the  gold  produced  carries  silver  and  the 
greater  part  of  the  silver  carries  gold,  the  parting  of  gold  from  silver 
in  the  alloys  of  these  metals  is  an  important  metallurgical  process. 
These  gold-silver  alloys  often  contain,  besides  gold  and  silver,  other 
metals  that  affect  the  properties  of  the  first-named  injuriously,  such 
as  lead,  bismuth,  tin,  antimony,  and  arsenic,  and  these  must,  there- 
fore, be  removed  as  far  as  possible  before  parting,  by  means  of  cupelling 
or  refining.  It  is,  however,  but  rarely  possible  to  get  rid  of  these 
substances  down  to  the  last  traces  before  parking.  The  process  of 
parting  has,  therefore,  for  its  object  the  removal  of  the  last  traces  of 
foreign  elements  in  addition  to  separating  silver  and  gold. 

Parting  can  be  performed  in  the  dry  way,  in  the  wet  way,  and 
electrolytically. 

The  dry  method  of  parting  depends  on  the  conversion  of  the 
silver  into  sulphide  or  chloride,  whilst  gold  is  attacked  by  neither 
sulphur  nor  chlorine  at  high  temperatures. 

The  wet  method  depends  on  the  solubility  of  silver  and  the 
insolubility  of  gold  in  nitric  acid  and  in  boiling  concentrated  sulphuric 
acid. 

The  electrolytic  method  depends  upon  the  property  of  silver  to 
pass  from  anodes  of  gold-silver  alloys  to  the  cathode,  whilst  the  gold 
remains  at  the  anode,  when  a  suitable  current  density  and  electroljie 
(acidulated  solution  of  nitrate  of  silver)  are  employed. 

The  methods  of  parting  that  are  preferred  nowadays  are  parting 
by  means  of  hot  concentrated  sulphuric  acid,  known  as  refining,  and 
parting  by  means  of  electrolysis,  the  latter  method  having  replaced 
refining  at  several  works. 

A.  Parting  in  the  Dry  Way 

The  methods  of  gold  parting  in  the  dry  way  are  by  means  of 
sulphide  of  antimony,  by  litharge  and  sulphur,  or  by  sulphur  alone, 


Of  these,  the  last-named  alone  is  still  in  use  ;  the  other  methods 
were  often  used  in  former  times,  but  have  been  replaced  universally 
by  wet  and  electrolytic  processes,  and  therefore  only  possess  historic 
interest. 

pAHTiHa  BT  Sulphide  of  Antimony  ob  by  Quaa  und  Fluss 

This  method  depends  upon  the  fact  that  when  a  gold-silver  alloy 
is  melted  with  sulphide  of  antimony,  the  silver  combines  with  the 
sulphur,  whilst  the  gold  alloys  with  the  antimony. 

From  this  alloy,  antimony  can  be  removed  by  oxidation  or 
volatilisation  by  the  employment  of  a  high  temperature,  whilst  the 
silver  can  be  recovered  from  the  sulphide  in  various  ways,  most 
rejidily  by  treatment  with  lead,  with  the  addition  of  iron.  It  is  not, 
however,  possible  to  obtain  by  a  single  fusion  pure  antimonial  gold 
and  sulphide  of  silver,  the  latter  being  known  as  plachmal.  On  the 
contrary,  it  is  necessary  to  repeat  several  times  the  fusion  of  the 
antimonial  gold  with  fresh  quantities  of  sulphide  of  antimony  in 
order  to  remove  alt  the  silver  from  the  former.  On  the  other  hand, 
the  plackvuU  still  carries  gold  and  contains  undecomposed  sulphide 
of  antimony;  it  is  remelted  several  times  in  order  to  remove  the  gold 
as  far  as  possible  from  it  in  the  form  of  antimonial  gold.  Small 
quantities  of  gold,  however,  remain  with  the  plachmal,  and  collect  in 
the  silver  reduced  from  it ;  to  separate  these,  this  silver  is  parted  by 
means  of  nitric  acid. 

This  process  can  only  be  applied  when  the  alloy  to  be  parted 
contains  not  less  than  50  per  cent,  of  gold.  It  used  to  be  frequently 
employed,  and  has  been  described  exhaustively  by  Schliiter  in  1738. 

Up  to  the  year  1846  it  was  practised  at  the  mint  at  Dresden, 
where  alloys  containing  64  per  cent,  of  gold  were  parted  by  it. 
These  alloys  ^  were  there  melted  in  Hessian  crucibles  in  an  air 
furnace  with  three  times  their  weight  of  sulphide  of  antimony.  As 
soon  as  the  molten  mass  commenced  to  emit  sparks,  it  was  poured 
into  either  a  conical  iron  mould  or  an  old  crucible ;  in  these  vessels 
a  tump  of  gold  alloyed  with  antimony  formed  at  the  bottom  and 
above  it  the  plachmal.  The  gold  was  then  melted  in  the  same  way 
a  second  time  with  twice  its  weight,  and  a  third  time  with  its  own 
weight  of  sulphide  of  antimony.  If  it  still  retained  notable  quantities 
of  silver,  it  was  remelted  with  twice  its  weight  of  sulphide  of  anti- 
'  Percy,  SUi-tr  and  Gold,  p.  373. 
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mony  until  the  gold  in  the  alloy  had  attained  the  desired  degree  of 
fineness. 

The  alloy,  containing  about  40  per  cent,  of  antimony,  was  then 
melted  in  a  covered  Hessian  crucible,  coated  internally  with  borax. 
As  soon  as  fusion  had  occurred,  air  was  blown  on  to  the  surfisu^  of  the 
bath  of  metal  with  a  bellows,  whereby  the  antimony  was  oxidised 
and  volatilised  as  antimonious  oxide.  When  the  antimony  had  been 
removed  the  gold  solidified ;  nitre  and  borax  were  €ulded,  and  the 
temperature  raised  up  to  the  melting  point  of  gold,  when  it  was 
poured. 

The  plachmal  was  melted  in  a  Hessian  crucible  with  iron,  lead  and 
fluxes,  producing  work-lead  and  matte. 

The  work-lead  was  cupelled  and  the  auriferous  silver  thus  ob- 
tained treated  with  nitric  acid.  The  silver  was  precipitated  from  the 
solution  by  means  of  copper  and  melted  with  carbonate  of  soda. 
The  residual  gold  was  melted  with  borax  and  nitre. 

The  matte,  which  still  contained  considerable  quantities  of  silver, 
was  smelted  together  with  mint  sweep. 

Parting  by  Means  of  Sulphur  and  Litharge 

This  method,  known  as  the  Pfannen-schmied  process,  has  for  its 
object  the  concentration  of  gold  in  a  gold-silver  alloy  to  such  an 
extent  that  it  can  advantageously  be  submitted  to  parting  by  nitric 
acid.  It  depends  upon  the  transformation  of  the  silver  of  the  alloy 
into  sulphide  of  silver  by  means  of  sulphur,  and  the  decomposition  of 
a  portion  of  this  sulphide  of  silver  by  litharge  into  sulphide  of  lead, 
lead  and  silver,  which  latter  collects  the  particles  of  gold  scattered 
through  the  mass,  and,  together  with  the  lead,  forms  a  mass  of  bottoms 
at  the  bottom  of  the  crucible,  whilst  the  sulphides  of  lead  and  silver 
form  the  plachmal.  The  latter  is  first  fi-eed  fi:om  gold  by  means  of 
repeated  fusions  with  litharge,  and  then  smelted  with  iron,  producing 
work-lead  and  an  argentiferous  regulus  or  matte. 

This  lengthy  and  complicated  process  was  formerly  in  use  at  Oker, 
where  it  has  been  replaced  by  parting  by  sulphuric  acid. 

The  Blicksilber}  which  contained  0*26  to  1*38  per  cent  of  gold,- 
was  first  granulated,  mixed  whilst  still  damp  with  \  of  its  weight 
of  sulphur,  and  charged  in  small  quantities  into  a  blacklead  crucible. 
By  gradually  heating  the  latter,  the  sulphur  was  first  caused  to  frit 
j  and  then  to'  melt  with  the  silver,  which  was  thereby  converted  into 

}  1  See  arUe,  p.  709. 

'-'  Jordan,  Journ,  f.  Pract.  Ghent.  1836,  9,  pp.  74-84.  Lampadius,  Grundrise  einer 
aUgemeinen  HiiUenkwivde^  Gottingen,  1827,  p.  269. 


to  obtain  bottoms  consisting  of  gold  and  silver,  after  the  fusion  was 
complete,  litharge  to  the  extent  of  ^V  ^^^  sprinkled  in  small  quanti- 
ties upon  the  molten  moss,  thus  reducing  a  portion  of  the  sulphide  of 
silver  to  metal  with  the  evolution  of  sulphur  dioxide.  The  lead 
reduced  trom  the  litharge  in  part  displaced  more  silver  from  the 
sulphide  and  in  part  alloyed  with  the  separated  silver.  The  silver- 
lead  alloy  thus  produced  took  up  the  disseminated  gold  and  settled 
down  to  the  bottom  of  the  pot,  whilst  the  sulphides  of  lead  and  silver 
formed  a  layer  of  plachmal  above  it.  After  the  crucible  had  been 
allowed  to  cool  in  the  furnace,  the  alloy  was  separated  from  the 
plachmal  by  breaking  off  the  latter,  the  lead  was  cupelled  otf  and  the 
residual  silver-gold  alloy  parted  by  nitric  acid. 

The  plachvial  still  retained  gold,  to  extract  which  it  was  melted 
four  or  five  times  with  sulphur  and  litharge.  The  hottoms  containing 
gold  thus  produced  were  melted  with  litharge  until  their  gold  content 
was  sufficient  for  a  satisfactory  parting  with  nitric  acid ;  aa  they  con- 
tained much  lead  in  consequence  of  this  treatment,  they  had  to  be 
cupelled  before  beiug  parted. 

T^te  plachmal,  from  which  the  gold  had  thus  been  removed,  was 
smelted  in  graphite  crucibles  with  \  its  weight  of  iron,  producing 
work-lead  and  regulus.  This  regulus  was  roasted  in  a  reverberatory 
furnace  and  smelted  in  graphite  pots  with  20  per  cent,  of  iron  and 
30  per  cent,  of  litharge,  producing  work-lead  and  s  second  regulus. 
The  latter  was  smelted  in  a  graphite  crucible  with  various  silver- 
bearing  residues  and  broken  up  old  crucibles,  forming  work-lead  and  a 
third  regulus,  the  operation  being  known  as  Kratzschmelzen.  The 
third  matte  was  smelted  with  various  by-products  containing  lead 
and  silver  in  low  blast  furnaces  (Krummd/en),  producing  work-lead, 
slag  and  a  matte,  which  still  contained  certain  amounts  of  lead  and 
iron,  this  operation  being  called  Kratzfrischen.  This  last  matte  was 
calcined  and  added  in  the  previous  operation.  The  various  work- 
leads  were  cupelled  and  the  auriferous  Blicksilher  so  obtained  was 
parted  with  nitric  acid. 

Parting  by  Sulphur  Alone 

The  object  of  this  method  of  parting,  which  is  referred  to  by  the 
monk  Roger^  as  early  as  the  11th  century,  is  to  produce  alloys  of 
silver  rich  in  gold  from  silver  poor  in  gold. 

'  An  Essay  upon  various  Arts  in  three  books,  by  Theophilua,  called  sIho  Rugerus, 
Priest  and  Monk.     Translated  with  notes  by  Robert  Eendrie,  1S4T,  pp.  31S-319. 


1046  METALLURGY 

The  silver  was  granulated,  mixed  while  damp  with  J  its  weight 
of  sulphur,  and  the  mixture  transferred  to  a  crucible  in  which  it  was 
heated  gradually  up  to  its  melting  point.  Auriferous  silver  was  then 
added  to  collect  the  gold,  and  the  molten  mass  was  poured  into  a 
conical  mould.  An  alloy  of  gold  and  silver  collects  at  the  bottom, 
and  above  it  the  sulphide  of  silver  (Plachmal),  If  the  alloy  was  still 
too  poor  to  be  advantageously  parted  by  nitric  acid,  it  was  treated 
again  with  sulphur  in  the  same  way.  The  enriched  alloy  was  melted 
with  lead  and  cupelled,  and  then  parted  by  nitric  acid.  The  Plachmal 
was  melted  with  iron  to  recover  the  silver. 

This  process  was  in  use  in  the  last  century  at  the  St.  Petersburg 
mint.^ 

Instead  of  adding  silver  to  collect  the  disseminated  particles  of 
gold,  iron  has  also  been  employed.  This  separated  out  some  silver 
from  the  Plachmal  with  the  formation  of  sulphide  of  iron ;  the  silver 
collected  the  gold  as  before. 

In  the  16th  century,  gold  was  separated  from  silver  at  the  Delhi* 
mint  by  melting  the  alloy  with  copper  and  then  with  sulphur.  The 
alloy  was  melted  three  times  with  copper  and  then  three  times  with 
sulphur,  whereby  the  gold  was  separated.  The  argentiferous  copper 
thus  produced  was  converted  into  a  lead-silver-copper  alloy  from  which 
the  silver  was  extracted. 

Quite  recently  sulphur  has  been  used  successfully  by  Boessler  to 
remove  the  copper  from  silver-gold  alloys  before  submitting  these  t« 
wet  parting. 

Parting  by  means  of  Pyrites 

This  method  is  applied  in  the  extraction  of  gold  from  auriferous 
bottoms.  On  melting  these  with  pyrites,  the  copper  forms  a  matte 
which  takes  up  but  little  gold,  and  a  richer  copper-gold  alloy  is 
formed.  Repetition  of  this  process  results  in  the  formation  of  a  rich 
copper-gold  alloy,  which  is  melted  with  lead  and  cupelled.  By  solu- 
tion and  precipitation  pure  gold  is  obtained  from  this. 

Hixon^  regards  this  as  the  secret  method  used  at  Argo,  Colorado; 
he  is  of  the  opinion,  however,  that  the  electrolytic  method  for 
treating  bottoms  is  both  simpler  and  cheaper. 

Carpenter,*  who  had  to  seek  a  non-electrolytic  method  for  parting 
gold  from  copper  without  having  a  supply  of  pyrites  at  hand,  tried 

1  Crell's  ChtmiHche  AnncUen,  1797,  Part  I.  p.  115. 

*  Percy,  Silver  and  Oold,  p.  374. 

*  Notes  on  Lead  and  Copper  Smelting,  New  York  and  London,  1807. 
«  The  Eng,  and  Min,  Joum.  1898,  p.  193. 


gold  iQ  minute  quantity,  but  on  the  other  hand  he  found  that  moat 
of  the  gold,  and  to  a  leas  extent  the  silver,  remained  with  the  last 
portions  of  metallic  copper.  Nothing  is  known  as  to  the  working  of 
this  process. 


Parting  bv  means  of  Salt  or  "Cementation" 

Parting  by  menns  of  common  salt,  known  as  cementation,  depends 
upon  the  conversion  of  the  silver  of  the  alloy  into  chloride  of  silver  by 
heating  with  salt  and  clay,  or  salt  and  green  vitriol  or  alum  and  aand, 
whilst  the  gold  remains  unchanged.  Chloride  of  silver  was  produced 
both  by  the  direct  action  of  salt  upon  silver  (H.  Rose,  Winkler, 
Plattner)  and  by  the  action  of  the  chlorine,  metallic  chlorides  and 
hydrochloric  acid,  which  may  be  formed  in  the  process.  The  chlorine 
might  have  been  produced  both  by  the  action  of  sulphur  trioxide 
upon  salt  and  by  the  decomposition  of  hydrochloric  acid  in  the  pre- 
sence of  air  by  means  of  contact  action  (Oxland),  whilst  the  hydro- 
chloric acid  might  have  been  formed  by  the  action  of  sulphuric  acid 
upon  salt,  or  by  that  of  silica  in  the  presenne  of  water  vapour.  The 
chloride  of  silver  was  absorbed  by  the  sand  or  the  brick-dust  used  in 
its  placa^ 

Cementation  is  one  of  the  oldest  metallui^ical  processes,  and  has 
been  described  by  Geber,  Albertus  Magnus,  Eeringuccio,  and  Agricola. 
It  is  probably  no  longer  in  use  anywhere.  It  was  used  as  recently  as 
1833  in  Santa  V6  de  Bogota,  Columbia,  S.  America,  to  remove  so 
much  of  the  silver  from  native  gold  as  to  fit  it  for  coinage. 

According  to  Boussingault,^  the  argentiferous  gold,  which  contained 
up  to  SS'O?  per  cent,  of  silver,  was  granulated,  and  heated  to  redness 
in  porous  clay  pots  filled  with  a  mixture  of  1  part  of  salt  and  2  parts 
of  brick-dust.  After  heating  for  24  to  36  hours,  the  operation  was 
complete.  The  gold  was  found  in  grains  in  the  cementing  powder, 
whilst  the  silver,  in  the  form  of  chloride,  had  been  absorbed  by  the 
latter.  The  gold  was  separated  from  the  cementing  powder  by  wash- 
ing, and  was  found  to  be  875  to  917  per  cent.  fine.  The  silver  was 
extracted  from  the  cementing  powder  by  amalgamation  with  ten  times 
as  much  mercury  as  it  contained  silver,  together  with  one-tenth  of 


'  For  a  fuller  account  of  the  raactions  during  cemeatation,  aee  Percy,  Silcer  and 
Gold,  p.  384.  Boasaingault,  Ann.  Cliem.  tt  Phya.  1833,  54,  pp.  263-263.  Poggtndor/. 
Annai.  32,  9S  ( 1834J.  "  Loc.  i:U. 
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its  total  weight  of  common  salt.  The  amalgam  so  obtained  was 
retorted  and  yielded  silver  that  only  retained  a  few  thousandths  of 
gold. 

Parting  by  Chlorine  Gas,  or  the  Miller  Process 

This  method  depends  on  the  property  of  chlorine  gas,  of  converting 
the  silver  contained  in  molten  gold-silver  alloys  into  chloride,  whilst 
not  attacking  the  gold.  When  chlorine  gas  is  passed  through  such 
alloys,  the  base  metals  present  (lead,  arsenic,  antimony,  bismuth, 
copper)  are  the  first  to  be  converted  into  chlorides,  and  such  of  the 
latter  as  are  volatile  (lead,  arsenic,  antimony)  are  vaporised.  The 
process  can  therefore  also  be  used  for  the  removal  of  base  metals 
from  gold-silver  alloys,  before  parting  the  latten  Hitherto  it  has 
found  only  a  limited  application  for  getting  rid  of  base  metals  and  of 
silver  from  argentiferous  gold.  The  method  is  more  suitable  for 
refining  gold  than  for  parting,  and  the  best  gold  for  the  purpose  is 
Australian,  which  contains  but  little  silver  and  base  metals. 

The  method  was  proposed  in  1838  by  Lewis  Thompson,^  but  was 
not  practically  applied.  It  was  not  till  1867  that  it  was  introduced 
by  Francis  Bowyer  Miller  with  various  important  improvements 
(amongst  which  may  be  reckoned  the  fusion  of  the  alloy  under  a 
cover  of  borax,  and  the  treatment  of  the  auriferous  chloride  of  silver) 
at  the  Sidney  mint  *  on  a  large  scale  for  refining  and  desilverising 
gold,  and  it  has  therefore  received  the  name  of  Miller's  process. 

Besides  the  Sydney  mint,  it  has  also  been  employed  in  the 
London  mint  by  Roberts- Austen  for  refining  gold.*  It  has  also  been 
used  from  time  to  time  lately  at  the  Pretoria  mint,*  for  refining  gold 
obtained  by  amalgamation  and  chlorination. 

The  alloy  is  melted  in  clay  crucibles,  enclosed  within  plumbago 
crucibles  so  as  to  avoid  loss  of  metal  in  case  of  the  crucible  cracking. 
The  clay  crucibles  are  glazed  internally  with  borax  to  prevent  the 
chloride  of  silver  penetrating  into  them.  Through  the  loosely  fitting 
clay  cover  chlorine  gas  is  passed  into  the  molten  alloy  by  means  of 
a  clay  pipe  reaching  almost  to  the  bottom  of  the  crucible.  The 
crucibles  are  heated  in  air  furnaces.  The  chlorine  gas  is  generated 
from  oxide  of  manganese  and  hydrochloric  acid  in  a  stoneware  vessel 
heated  on  a  water* bath.  The  generator  is  furnished  with  a  stoppered 
aperture  by  means  of  which  the  necessary  materials  can  be  charged, 

1  Percy,  SUver  and  Gold,  1880,  p.  402. 
^  Ibid.  p.  405  et  aeq. 

*  Eissler,  The  Metallurgy  of  Gold,  London,  1889,  p.  267. 

*  Begeer,  The  Metallurgy  of  Gold  on  the  Band,  p.  114. 
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an  escape  pipe  for  the  chlorine  gaa,  and  a  long  safety  tube  reaching 
to  the  bottom  of  the  vessel.  The  upper  end  of  this  safety  tube  opens 
into  a  vessel  into  which  the  fluids  in  the  generator  can  be  forced  by 
a  high  pressure  inside  the  generator.  It  also  admits  of  the  pressure 
being  observed  by  means  of  the  height  of  the  fluid  column,  the 
pressure  being  necessary  in  order  to  force  the  chlorine  gas  into  the 
molten  alloy.  The  hydrochloric  acid  requisite  for  generating  the 
chlorine  can  also  be  introduced  through  this  safety  tube. 

The  arrangement  of  a  plant  for  parting  by  cblonne  gas  is  shown 
in  Fig.  693. 

The  inner  crucible  is  made  of  white,  fine  clay ;  it  is  glazed  in- 
ternally by  being  filled  with  a  boiling  solution  of  borax  in  water, 


which  is  allowed  to  stand  in  it  for  some  ten  minutes,  after  which  it 
is  poured  out,  and  the  crucible  allowed  to  dry.  The  glaze  forms  as 
soon  as  the  crucible  is  heated  in  the  course  of  the  process.  A  clay 
tube  (that  used  in  London  was  22  inches  long.  J  inch  outside,  ^s  ^^^ 
inside  diameter)  passes  through  the  loose  cover,  which  is  also  pierced 
by  several  apertures  to  allow  the  fumes  to  escape. 

The  chlorine  generator  is  shown  at  a,  c  being  a  leaden  tube  for 
conveying  the  gas ;  b  is  the  glass  safety  tube,  8  to  10  feet  long, 
terminating  at  its  upper  end  in  a  vessel  not  shown  in  the  figure,  to 
receive  the  fluid  driven  up  when  the  eduction  tube  is  closed,  A 
column  of  liquid  of  16  to  18  inches  in  height  balances  1  inch  of  gold 
in  the  crucible.  The  tubes  are  inserted  into  the  generator  through 
indiarubber  stoppers.      The  chlorine   eduction   tubes  are    coupled 
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together  by  means  of  indianibber  tubes  or  flanges ;  they  can  be 
closed  by  compression  clamps.  The  larger  opening  for  the  in- 
troduction of  the  requisite  materials  is  not  shown  in  the  figure ;  it  is 
closed  by  means  of  a  leaden  plug  covered  with  indiarubber.  The 
chlorine  generator  has  a  capacity  of  26  gallons,  and  stands  in  a  water- 
bath.  On  the  bottom  of  the  former  there  is  a  layer  of  small  pieces 
of  quartz  upon  which  rests  the  oxide  of  manganese,  in  quantities  of 
90  to  100  lbs.,  broken  into  small  pieces,  say  about  \  inch  cube.  At 
the  Sydney  mint  the  chlorine  passes  from  the  generator  into 
a  leaden  main  that  serves  a  row  of  furnaces,  and  from  which  two 
branches  lead  to  each  crucible,  one  of  the  two  being  used  for  a 
reserve  tube. 

The  gold  that  is  thus  parted  at  Sydney  contains  silver  and  small 
quantities  of  lead,  arsenic,  and  antimony,  very  small  proportions  of 
which  suflBce  to  render  the  gold  unfit  for  coinage ;  the  average  pro- 
portion of  silver  is  5  per  cent. 

The  process  is  there  conducted  as  follows : — The  gold  is  charged 
into  the  crucible,  previously  heated  to  redness,  in  two  ingots  of  740 
ounces  each,  and  is  slowly  heated  to  the  melting  point ;  as  soon  as 
it  is  fluid,  2  to  3  ounces  of  molten  borax  are  added.  The  clay  pipe, 
the  end  of  which  has  first  been  heated,  is  then  lowered  into  the 
molten  metal,  and  the  chlorine  admitted.  The  volatile  chlorides  of 
the  base  metals  contained  in  the  gold  are  immediately  evolved  in 
the  form  of  vapours,  which  appear  denser  the  more  lead  they  contain. 
They  disappear  as  soon  as  the  base  metals  have  been  removed,  the 
chlorine  now  combining  with  the  silver.  If  there  is  only  a  small 
quantity  of  the  latter  metal  in  the  gold,  dark  vapours  and  a  brownish- 
yellow  flame  then  make  their  appearance.  As  soon  as  the  latter 
produces  a  reddish  or  brownish  deposit  upon  a  clay  tube  held  in  it 
(which  occurs  in  the  case  of  gold  containing  10  per  cent,  of  silver  in 
1  to  IJ  hours),  the  operation  of  parting  is  completed.  The  crucible 
is  lifted  out  of  the  furnace,  allowed  to  cool  for  a  few  minutes,  and 
the  still  fluid  chloride  of  silver  is  poured  off  into  previously  heated 
moulds,  after  which  the  crucible  is  inverted  and  the  solidified  gold 
drops  out.  It  is  washed  with  salt  solution  to  remove  adhering 
.  chloride  of  silver  and  re-melted.  Its  fineness  is  then  991  to  997  per 
mil.  By  repeating  the  operation  yet  more  silver  can  be  removed. 
Of  the  gold  present  in  the  alloy,  98  per  cent,  is  collected  in  the  fine 
gold,  whilst  2  per  cent,  passes  into  the  chloride  of  silver. 

The  latter  is  first  freed  from  gold  and  then  reduced.  The  former 
process  was  at  first  performed  by  a  fusion  with  metallic  silver,  which, 
when  molten,  collected  the  gold  and  formed  a  metallic  mass  at  the 
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bottom  of  the  crucible.  This  process,  which  only  removed  the  gold 
imperfectly,  has  been  replaced  by  melting  the  chloride  of  silver  with 
carbonate  of  soda,  under  a  borax  cover,  according  to  the  method 
suggested  by  Leibius.^  In  order  to  avoid  loss  of  metal  through 
ebullition,  the  chloride  of  silver  was  first  covered  with  a  layer  of 
borax  to  a  depth  of  0*4  inch,  and  then  carbonate  of  soda  (about 
1  lb.  to  16  lbs.  of  chloride  of  silver)  was  sprinkled  in  small  quantities 
upon  the  borax  cover.  By  treating  it  twice  in  this  way  the  gold  is 
said  to  be  pretty  completely  removed.  The  gold  is  obtained  as  an 
alloy  with  a  portion  of  the  silver. 

The  silver  is  extracted  from  the  chloride  electrolytically  by  a 
method  also  proposed  by  Leibius.  Plates  of  zinc  or  silver  are 
employed  as  electrodes,  the  electrolyte  consisting  of  a  solution  of  the 
chloride  of  silver  dissolved  in  salt  or  in  chloride  of  zinc ;  the  silver 
obtained  is  melted  in  graphite  crucibles.  If  the  gold  to  be  parted 
contains  copper,  the  latter  passes,  for  the  most  part,  into  the 
silver. 

The  argentiferous  residues  from  the  above  processes  are  ground 
in  Chilian  mills  and  then  amalgamated.  The  loss  of  gold  by  the 
above  process  is  given  by  Miller  for  100,000  parts  of  alloy  containing 
89  parts  gold,  10  parts  silver,  1  part  base  metals,  as  19  parts  =  0*21 
per  mil,  and  of  silver  for  the  same  amount  of  alloy  as  240  parts  =  24 
per  mil. 

This  method  of  parting  by  chlorine  is  inferior  economically  to  that 
of  parting  by  sulphuric  acid  and  by  electrolysis. 

B.  Parting  of  Gold  by  the  Wet  Method 

The  wet  methods  of  gold  parting  are  parting  by  means  of  nitric 
acid,  or  inqtiartation,  and  parting  by  sulphuric  acid,  or  refining.  Aqua 
regia  is  only  used  as  an-  auxiliary  in  parting  by  sulphuric  acid. 
Parting  by  nitric  acid  is  now  only  employed  in  exceptional  cases,  on 
account  of  the  high  price  of  this  acid. 

PARTING   BY  NITRIC  ACID 

This  method  of  parting  was  first  described  by  Albertus  Magnus 
in  the  13th  century,  but  it  is  not  known  whether  it  was  used  on  a 
large  scale  then.  It  was  described  in  detail  by  Biringuccio  ^  in  1540, 
and   by   Agricola^  in    1556,  and   is   said   to    have    been    applied 

^  Dingl.  Joum.  vol.  197,  p.  55. 
*  De  la  Pirolechniaf  Florence,  1540. 
'  De  re  Metallica, 
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practically  first  in  Paris  in  1514  and  in  London^  in  1594.  It  was 
universally  employed  formerly  till  it  was  supplanted,  in  1802,  by  the 
cheaper  method  of  parting  by  sulphuric  acid,  introduced  by  d'Arcet. 
It  is  now  used  in  but  few  places,  e.^.,  the  mints  of  Philadelphia  and 
San  Francisco. 

It  is  called  inqiuirtation  because  it  used  to  be  held  that  for  its 
success  the  proportion  of  gold  in  the  alloy  should  not  exceed  J. 
Pettenkofer  has,  however,  shown  that  parting  can  be  performed  suc- 
cessfully when  the  proportion  of  gold  to  silver  in  the  alloy  is  1 :  1|. 
If  more  gold  than  this  is  present,  some  silver  remains  with  the  gold. 
Alloys  too  rich  in  gold  must  therefore  be  melted  with  the  requisite 
quantity  of  silver  before  being  parted. 

If  the  alloy  is  too  poor  in  gold,  parting  is  indeed  possible,  but 
entails  a  heavy  consumption  of  nitric  acid.  Poor  alloys  were  there- 
fore formerly  enriched  by  treatment  with  sulphur  and  litharge  (see 
page  1044).  Parting  is  performed  in  vessels  of  glass,  stoneware  or 
platinum. 

The  alloy  may  not  contain  any  metal  other  than  silver  and  gold, 
except  palladium,  copper  and  lead.  When  tin,  antimony  and  arsenic 
are  present,  it  must  be  refined  before  being  parted,  by  fusion  with 
oxidising  agents  or  by  cupellation  with  lead. 

The  alloy  is  granulated  and  then  treated  with  nitric  acid,  whereby 
the  silver  is  dissolved  whilst  the  gold  remains  in  the  residues.  By 
repeated  treatment  of  the  latter  with  nitric  acid  or  with  boiling  con- 
centrated sulphuric  acid,  the  silver  still  remaining  in  it  may  be 
removed  down  to  a  very  small  residual  quantity. 

The  nitrate  of  silver  solution  may  be  evaporated  to  dryness  to 
form  lunar  caustic,  or  this  salt  may  be  ignited  with  the  production 
of  metallic  silver,  or  the  solution  may  be  precipitated  by  means  of 
common  salt,  forming  chloride  of  silver,  which  can  then  be  reduced. 

Percy  ^  describes  as  follows  the  process  of  parting  by  nitric  acid 
as  practised  by  Johnson,  Matthey-and  Co.,  of  Hatton  Garden,  London. 
The  gold,  refined  if  necessary,  is  melted  in  graphite  crucibles  with 
so  much  silver  that  an  alloy  containing  gold  and  silver  in  the  pro- 
portion of  1 : 3  is  produced,  The  granulated  alloy  is  treated  with 
nitric  acid  in  vessels  of  stoneware  or  platinum. 

The  platinum  vessels  have  a  capacity  of  about  9  gallons,  and  are 
fitted  with  stoneware  lids;  their  charge  is  800  ounces  of  granulated 
metal;  each  vessel  is  heated  by  a  separate  furnace.  The  acid 
vapours  that  escape  on  heating  are  condensed  as  far  as  possible  in 
suitable  chambers,  the  uncondensable  part  being  conveyed  into  the 
T.  K.  Rose,  op,  cU,  p.  351.  '  Op.  cU.  p.  446. 
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ash-pits  of  the  furnaces.  The  nitric  acid  employed  has  a  specific 
gravity  of  1*4,  and  is  diluted  with  an  equal  volume  of  water.  The 
granulated  ^metal  is  boiled  three  times  with  nitric  acid.  The  first 
boiling  lasts  4  hours ;  the  solution  is  then  poured  off,  and  fresh  acid 
is  poured  on,  which  is  boiled  for  3  hours,  to  be  followed  by  a  third 
boiling  of  2  hours'  duration  with  fresh  acid.  The  last  acid  takes  up 
but  little  silver,  and  is  accordingly  used  for  dissolving  a  fresh  charge 
of  granulated  metal.  The  residual  gold  is  washed  with  hot  water, 
dried  and  melted  in  griaphite  crucibles ;  the  melted  gold  is  998  per 
mil  fine. 

Chloride  of  silver  is  precipitated  from  the  solution  of  nitrate  of 
silver  by  means  of  salt.  It  is  washed  with  hot  water  and  then  treated 
with  granulated  zinc  and  very  dilute  sulphuric  acid,  whereby  the 
silver  is  separated  as  metal.  It  is  washed,  dried,  and  melted,  and  is 
then  998  parts  per  mil  fine. 

In  the  mints  of  Philadelphia  and  San  Francisco  the  parting  by 
nitric  acid  is  combined  with  that  by  su^huric  acid,  this  method 
having  been  introduced  in  1866  by  A.  Mason.^  The  alloy  is  so 
adjusted  as  to  contain  100  parts  of  gold  in  285  of  alloy.  It  is  first 
treated  with  nitric  acid  until  the  silver  contents  of  the  residue  are 
reduced  to  6  per  cent.  The  latter  is  then  boiled  twice  with  concen- 
trated sulphuric  acid,  whereby  gold  998  parts  per  mil  fine  is  obtained. 
Chloride  of  silver  is  precipitated  from  the  nitrate  solution  by  means 
of  salt,  and  is  reduced  to  metal  by  zinc  and  sulphuric  acid. 

The  bullion  received  at  the  mint  is  first  refined,  if  it  is  impure.^ 
The  gold  is  melted  in  Hessian,  the  silver  in  blacklead  crucibles. 
Antimony  is  removed  from  the  silver  by  stirring  the  molten  metal 
with  an  iron  rod,  with  the  addition  of  some  nitre ;  by  this  means  the 
antimony  is  very  rapidly  removed,  generally  in  two  to  three  minutes. 
Tin  is  removed  from  silver  and  gold  by  the  addition  of  salammoniac 
or  potash,  iron  and  sulphur  by  a  mixture  of  nitre  and  sand,  lead  and 
arsenic  by  boneash  and  nitre. 

The  gold  and  silver  are  melted  together  for  inquartatioh  in  black- 
lead  crucibles,  and  the  alloy  is  granulated.  The  granulations  are 
treated  with  nitric  acid  in  pots  of  glazed  earthenware  set  in  a  water- 
bath  heated  by  steam.  The  pots  are  between  21  and  24  inches  in 
diameter,  and  21  to  22  inches  deep,  and  are  provided  with  handles. 
The  charge  is  135  lbs.  of  granulations,  and  125  lbs.  of  nitric  acid  of 
40''  B. ;  the  pots  are  not  covered.  To  keep  the  granulations  from 
clotting  together  they  are  stirred  every  20  minutes.  After  boiling 
for  12  hours,  and  settling  for  another  12,  the  silver  nitrate  solution 

1  Egleeton,  op.  ciL  vol.  ii.  p.  698.  '  Ibid.  p.  700. 
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is  diluted  with  water  and  drawn  off  by  a  gold  syphon;  75  lbs.  of  fresh 
acid  are  then  poured  on  to  the  residue,  heated  for  12  hours,  allowed 
to  settle  for  12,  and  drawn  off  again.  As  it  contains  but  little  silver 
this  acid  is  employed  to  dissolve  a  fresh  batch  of  granulations 

The  residual  gold  is  washed  on  a  filter  with  hot  water,  and  boiled 
twice  with  concentrated  sulphuric  acid.  This  boiling  is  performed 
in  cast-iron  pots,  22  inches  in  diameter  at  the  top  and  12  inches  deep 
in  the  centre.  They  are  heated  by  means  of  anthracite  coal,  and  are 
covered  with  conical  leaden  hoods  terminating  above  in  a  leaden 
tube ;  in  order  to  be  able  to  stir  the  contents,  the  hood  is  provided 
with  an  opening,  which  can  be  closed  by  a  piece  of  sheet  lead.  The 
gold  is  boiled  twice  for  1|  hours  with  sulphuric  acid  of  66"*  B.,  each 
charge  of  sulphuric  acid  weighing  32  lbs.  The  pot  must  be  stirred 
every  10  or  15  minutes,  to  keep  the  gold  from  agglomerating.  After 
the  second  boiling  the  gold  is  996  to  998  per  mil  fine ;  by  a  third 
boiling  it  can  be  brought  up  to  999'5  fine.  The  gold  is  thoroughly 
washed  on  a  filter,  dried,  and  melted. 

Sulphate  of  silver  is  precipitated  from  the  solution  by  diluting  it. 

The  silver  nitrate  solution  is  treated  in  wooden  tanks  with  salt 
solution,  which  precipitates  the  silver  as  chloride;  the  latter  is 
filtered  off,  washed  with  cold  water,  and  then  reduced  by  granulated 
zinc.  The  reduction  is  performed  by  the  addition  of  sulphuric  acid 
in  lead-lined  tanks.  For  every  3  parts  of  silver  chloride,  1  part  of 
zinc  and  IJ  parts  of  sulphuric  acid  of  6G°  B.^  are  consumed.  The 
silver  is  washed  with  hot  water  on  cloth  filters,  pressed  in  hydraulic 
presses,  dried  in  iron  trays,  melted  and  cast  into  bars.  The  gold  is 
dried  without  being  pressed,  melted,  and  cast  into  bars. 

PARTING   BY   NITRIC   ACID  AND    AQUA   REGIA. 

This  method  is  used  when  the  gold  contains  platinum,  since  the 
latter  metal  is  not  removed  by  sulphuric  acid  or  nitric  acid  alone. 
Hence  Priwoznik^  recommends  solution  of  the  silver  with  nitric  acid 
and  of  the  gold  with  aqua  regia  (nitro-hydrochloric  acid),  so  that 
the  platinum  is  left  as  residue. 

The  alloy  is  melted  with  3  times  its  weight  of  zinc,  granulated, 
and  then  treated  with  sulphiiric  acid  to  dissolve  out  the  zinc  (If 
more  than  this  quantity  of  zinc  be  used,  the  granules  fall  to  powder 
after  the  zinc  is  removed  by  solution.)  The  granulated  alloy  is 
washed  to  remove  zinc,  treated  with  nitric  acid  of  specific  gravity 

'  Percy,  op.  cit.  p.  444. 

'  Oesterrich,  ZtUa,  fiir  Berg-  und  HiUtenweHny  xlvii.  No.  29,  p.  356. 
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1"199,  and  the  silver  extracted  as  described  above.  The  residual 
gold-platinum  alloy  is  washed  thoroughly,  and  treated  with  aqua 
regia  (concentrated,  if  need  be,  towards  the  end  of  the  reaction),  first 
at  the  ordinary  temperature,  afterwards  in  the  warm.  The  residue  is 
pure  platinum,  and  the  solution  of  gold,  containing  a  little  platinum, 
is  evaporated  down  in  a  porcelain  dish  with  weak  hydrochloric  acid 
until  all  the  nitric  acid  is  driven  off.  It  is  then  taken  up  with  water, 
and  the  platinum  thrown  out  with  ammonium  chloride.  The  filtrate 
from  the  ammonium  platinum  chloride  is  reduced  with  ferrous 
sulphate,  and  the  gold  precipitate  after  washing  and  drying  is  melted 
down  with  borax  and  saltpetre. 

In  case  mixtures  of  gold  and  platinum,  and  not  true  alloys,  have 
to  be  dealt  with  (e,g.  filings),  they  are  digested  with  pure  nitric  acid 
of  specific  gravity  1*99,  which  removes  the  silver  and  only  a  small 
quantity  of  the  platinum.  The  residue  after  washing  is  treated  with 
aqua  regia  made  of  100,  43  and  143  volumes  respectively  of  concen- 
trated hydrochloric  acid,  nitric  acid  and  water. 

Aqua  regia  of  this  strength  dissolves  gold  even  at  the  ordinary  tem- 
perature without  affecting  platinum.  Should  the  filings  have  retained 
any  silver,  this  forms  a  protective  film  of  chloride  on  the  gold  and 
must  be  removed,  after  separation  of  acid  and  washing,  by  treatment 
with  ammonia  solution.  In  this  way,  after  repetition  of  these  processes 
if  need  be,  a  residue  of  platinum  is  obtained,  and  the  silver  and  gold 
are  recovered  from  their  solutions  by  the  methods  sketched  above. 

PARTING   BY   SULPHURIC    ACID,  OR  REFINING 

This  process  was  first  employed  upon  a  working  scale  by  d'Arcet 
in  Paris  in  1802.  It  depends  on  the  solubility  of  silver  in  boiling 
concentrated  (66"*  B.)  sulphuric  acid,  in  which  gold  is  insoluble.  The 
solution  of  silver  takes  place  in  accordance  with  the  following 
equation : — 

Ag, + 2H,S0,  =  Ag,SO, + SO^ + 2Rfi. 

The  silver  sulphate  thus  formed  dissolves  in  the  excess  of  acid.  The 
residue  rich  in  gold  is  treated  in  various  ways  to  obtain  fine  gold, 
whilst  the  silver  is  precipitated  as  mfetal  from  the  solution  of  the 
sulphate. 

Befining  is  applicable  to  alloys  of  all  degrees  of  fineness,  and  has 
the  advantage  of  cheapness  over  all  other  forms  of  gold  parting, 
except  electrolysis, since  by  its  means  alloys  containing  005  per  cent, 
of  gold,  and  even  less,  can  be  parted  with  advantage ;  for  this  reason 
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it  has  replaced  the  older  methods  of  parting,  and  is  still  extensively 
used.  A  rival  method  has,  however,  arisen  in  electrolytic  parting, 
which  has  already  displaced  it  in  some  of  the  larger  works;  in 
smaller  works  it  will  probably  continue  to  hold  its  own. 

According  to  Pettenkofer^  refining  gives  the  best  results,  and 
yields  the  finest  gold,  when  alloys  with  19  to  25  per  cent,  of  gold  are 
operated  on.  When  the  proportion  is  higher  the  sulphuric  acid  does 
not  readily  penetrate  the  alloy,  whilst  when  it  is  lower  it  becomes 
difficult  to  separate  the  silver  fi:om  the  gold  in  the  last  stages  of  the 
process.  It  is,  however,  not  possible  to  remove  the  last  traces  of 
the  silver  even  by  repeated  treatment  of  the  alloy  with  sulphuric 
acid.  If  the  gold  is  required  quite  fine  and  free  from  silver,  it  has 
to  be  treated  by  special  methods. 

The  action  of  hot  sulphuric  acid  upon  the  components  of  the 
alloy  is  as  follows,  according  to  a  communication  of  Roessler  to  Percy.' 

The  silver,  as  already  stated,  is  converted  into  sulphate,  the  latter 
being  soluble  in  \  its  weight  of  boiling  sulphuric  acid  of  66**  B.  (One 
part  of  silver  sulphate  is  soluble  in  180  parts  of  cold,  and  30  parts 
of  boiling  sulphuric  acid  of  10°  B.,  in  20  parts  boiling  acid  of  20°  B., 
in  4  parts  of  cold  and  0*25  of  boiling  acid  of  66°  B.) 

According  to  theory,  216  parts  of  silver  require  for  their  solution 
196  parts  of  sulphuric  acid;  actually,  2  to  2^  parts  of  acid  are 
required  to  1  part  of  silver.  An  excess  of  acid  is  required  to  keep 
the  sulphate  of  silver  in  solution,  to  promote  energetic  solution  of 
the  silver,  and  to  convert  any  other  metals  contained  in  the  alloy 
into  sulphates.  Platinum,  osmium  and  iridium  remain  with  the 
gold,  whilst  palladium  is  somewhat  attacked  by  sulphuric  acid. 
In  the  presence  of  large  quantities  of  silver  even  palladium  is  not 
attacked. 

Copper  is  converted  into  sulphate  by  the  sulphuric  acid.  This 
salt  is  but  feebly  soluble  in  concentrated  sulphuric  acid,  and  remains 
for  the  most  part  as  a  white  anhydride  with  the  gold.  As  this 
anhydride  encrusts  portions  of  the  alloy,  the  solution  of  the  latter  is 
rendered  more  difficult,  and  needs  a  larger  quantity  of  acid.  When 
the  hot  silver  solution  cools,  the  small  quantity  of  sulphate  of  copper 
dissolved  in  it  separates  out  completely.  According  to  Roessler, 
alloys  containing  more  than  10  per  cent,  of  copper  should  be  freed 
from  the  latter  before  being  parted.  The  best  process  for  this  purpose 
is  that  of  Roessler,  to  be  given  below. 

Lead  softens  and  its  particles  cake  together  at  the  temperature 
required  for  parting ;  it  can  therefore  only  be  converted  with  difficulty 

1  Dingl.  Joum,  vol.  104,  p.  118.  «  Op.  cit.  p.  458. 


pbate  is  but  slightly  soluble  in  hot  sulphuric  acid,  and  still  less  in 
cold,  it  separates  out  with  the  gold  as  a  white  powder.  When  the 
solution  is  diluted  with  water  the  whole  of  the  lead  dissolved  in  the 
acid  is  precipitated. 

Tin  is  in  port  dissolved,  and  in  part  remains  with  the  residue, 
which  it  colours  purple. 

Zinc  is  with  difficulty  converted  by  the  hot  concentrated  acid 
into  sulphate,  which  is  insoluble  in  the  concentrated  acid,  and 
remains  with  the  residual  gold. 

Iron,  when  cast-iron  pots  are  used,  is  gradually  converted  into 
ferrous  sulphate;  this,  in  its  anhydrous  form,  is  insoluble  in  the 
concentrated  acid,  and  remains  with  the  gold.  Grey  cast-iron  is 
attacked  a  good  deal  more  strongly  than  white ;  experience  has 
shown  that  iron  pots  are  much  less  attacked  when  the  alloy  under 
treatment  contains  copper. 

The  complete  process  of  parting  by  sulphuric  acid  embraces  the 
following  operations : — 

1.  The  preparation  of  an  alloy  suitable  for  parting,  and  its 
granulation. 

2.  The  solution  of  the  silver  of  the  alloy  by  means  of  sulphuric 
acid. 

3.  Obtaining  the  gold  from  the  auriferous  residue. 

4.  Ti-eatment  of  the  silver  sulphate  solution  for  the  extraction  of 
the  silver. 


1.  The  pr^MZTotion  of  an  Alloy  suitable  for  Parting,  and  its 

(h'anulalion 

Impurities,  small  quantities  of  which  affect  injuriously  the 
malleability  of  gold  and  the  valuable  properties  of  silver,  such  as  lead, 
bismuth,  tin,  antimony,  arsenic  and  tellurium,  should  be  removed  as 
far  as  possible  before  parting,  by  melting  the  alloy  with  oxidising 
agents,  such  as  air,  nitre  or  sulphate  of  silver.  It  is,  however,  im- 
possible to  prevent  very  small  quantities  of  the  above  substances  from 
remaining  behind  in  the  alloy,  and  these  have  to  be  removed  from 
the  gold  or  silver  after  parting. 

The  substances  are  removed  from  gold-bearing  silver  before 
parting  in  the  manner  described  under  silver  refining.  From 
argentiferous  gold  they  may  be  removed  by  fusion  with  nitre.  It  is 
VOL.  I  3  y 
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better  to  melt  the  gold  \^ith  its  corresponding  quantity  of  silver,  and 
to  treat  the  alloy  like  auriferous  silver. 

Copper  only  acts  injuriously  in  that  it  forms  anhydrous  copper 
sulphate,  which  in  part  encrusts  the  alloy  and  makes  the  parting 
more  difficult,  besides  increasing  the  consumption  of  acid.  If  the 
copper  in  the  alloy  exceeds  10  per  cent,  parting  can  no  longer  be 
conducted  with  advantage;  in  this  case  the  copper  must  be  partially 
or  completely  removed.  Parting  is  still  a  practicable  process 
for  alloys  very  rich  in  copper,  provided  that  large  quantities  of 
somewhat  weak  acid  be  used.  According  to  Gatzkow  the  excess  of 
acid  can  be  utilised  by  crystallising  out  the  silver  sulphate  and 
returning  the  mother-liquor  to  the  parting  pots  when  it  has  attained 
a  density  of  60°  B. 

The  proportion  of  copper  may  be  decreased  by  melting  the  alloy 
with  silver  free  from  copper,  but  the  costs  of  parting  are  thus  increased 
again.  It  is  better  to  remove  the  copper  by  Roessler  s  method. 
This  consists  in  melting  the  alloy  with  excess  of  sulphur  in  a 
crucible,  whereby  the  copper  and  a  portion  of  the  silver  are  sul- 
phurised ;  air  is  then  blown  upon  the  molten  mass,  which  reduces 
the  greater  part  of  the  sulphide  of  silver,  whilst  the  copper  and  a 
little  silver  remain  combined  with  sulphur.  The  alloy  of  gold  and 
silver  collects  at  the  bottom  of  the  pot,  and  above  it  a  layer  of  sul- 
phide of  copper  still  containing  a  portion  of  the  silver.  By  melting 
this  layer  in  a  second  crucible  and  directing  an  air-blast  into  it  when 
molten,  an  alloy  of  copper  and  silver  is  produced  from  which  the 
silver  can  readily  be  recovered  by  electrolysis,  by  treatment  with 
dilute  sulphuric  acid,  or  by  smelting  with  lead. 

The  sulphur  dioxide  produced  in  this  process  can  be  conveyed  to 
a  condensing  chamber  by  means  of  a  Korting  s  injector,  and  passed 
through  aqueous  solutions  containing  copper  or  argentiferous  copper. 
The  copper  is  gradually  converted  into  sulphate,  whilst  any  silver 
contained  in  it  remains  behind.  At  the  parting  establishment  at 
Frankfort-on-the-Maine,  660  lbs.  of  metallic  sulphides  are  treated 
as  above  in  a  graphite  crucible  heated  in  an  air  furnace,  using  coke 
as  fuel. 

Of  the  metals  of  the  platinum  group,  osm-iridium  and  iridium 
render  gold  brittle,  whereas  platinum  only  aflfects  the  malleability  of 
gold  when  present  in  large  proportion,  but  causes  silver  to  be 
retained  by  the  gold. 

At  the  New  York  mint,^  gold  containing  osm-iridium  is  melted 
in  crucibles  with  4  to  5  times  its  weight  of  silver.    The  molten  mass 

^  £gle8ton,  op,  cit,  p.  751. 


alloy  is  then  poured  off  till  it  begins  to  run  pasty.  The  residue 
consists  of  silver  containing  the  whole  of  the  platinoid  metals ;  any 
gold  contained  in  it  is  removed  by  melting  again  with  silver  and 
allowing  the  platinoid  metals  to  settle  as  before. 

As  these  operations  increase  considerably  the  cost  of  parting 
the  platinoid  metals  which  remain  with  the  gold  during  the  process 
of  parting  are  removed  afterwards  by  means  of  aqua  regia  or  by 
electrolysis.  Platinum  alone  may  be  removed  from  gold  by  fusion 
with  nitre,  when  it  goes  into  the  slag  as  platinate  of  potash. 

After  the  alloy  has  been  purified,  it  is  granulated  ;  it  may  be 
noted  that  in  some  works  in  the  United  States,  the  alloy  is  not 
granulated  but  is  parted  in  the  form  of  thin  slabs. 

If  the  alloy  does  not  need  purifying,  it  is  merely  melted  and 
granulated.  In  many  cases  however  the  alloy  does  not  possess  the 
composition  requisite  for  advantageous  parting;  in  places  where 
alloys  rich  in  silver  and  others  rich  in  gold  are  available,  these  are 
therefore  melted  together  in  such  proportions  that  the  resulting  alloy 
shall  contain  them  in  a  ratio  suitable  for  parting.  For  instance,  at 
Kremnitz,  in  Hungary,  the  alloys  are  made  up  to  contain  i%  silver 
and  iV  gold. 

At  the  New  York  mint,^  the  mixing  of  gold  and  silver,  the  so- 
called  inquartation,  is  so  arranged  that  the  alloy  shall  contain  from  2 
to  4  parts  of  silver,  according  to  the  amount  of  copper  present,  for 
each  part  of  gold,  and  that  the  proportion  of  copper  shall  if  possible 
not  exceed  6  per  cent. ;  under  no  circumstances  is  it  allowed  to 
exceed  10  per  cent,  of  the  weight  of  the  alloy.  At  the  assaying  and 
refining  works  at  San  Francisco,  argentiferous  gold  bars  from 
California  used  to  be  so  inquartated  as  to  contain  2  parts  of  gold  to  3 
of  silver.     The  alloys  thus  produced  are  directly  granulated. 

Refining  the  alloys,  inquartation,  and  fusion  for  granulation  are 
usually  performed  in  graphite  pots  heated  in  an  air  furnace.  Only 
the  refining  of  auriferous  Bliclcsilbcr  is  often  conducted,  as  explained 
under  Silver,  in  reverberatory  furnaces  or,  in  rare  instances,  in 
muffles. 

The  air  furnaces  are  fired  either  by  coke  or  by  coal-gas.  They  are 
beat  made  circular  in  horizontal  section,  and  leaving  but  little  space 
between  the  crucible  and  the  furnace  walls  for  the  fuel.  The  height 
from  the  floor  to  the  mouth  is  about  3  feet,  that  of  the  shaft  body 
above  the  firebars  IS  inches.  They  are  preferably  constructed  with 
'  EgleBloD,  op.  cif.  p,  750. 
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outer  plates  of  cast-iron  surrounding  the  furnace  body,  which  is  built 
of  firebrick. 

The  capacity  of  the  crucible  ranges  up  to  about  20,000  ounces  of 
alloy.  For  example,  the  coke-fired  air  furnaces  at  Lautenthal  take 
charges  of  10,250  ounces  of  auriferous  blicksilver  for  refining,  at  the 
Schemnitz  mint  16,000  ounces  for  inquartation  and  granulation, 
whilst  in  the  New  York  mint  charges  of  about  2,300  ounces  are 
granulated. 

The  granulation  of  the  alloy  is  performed  by  ladling  it  out  from 
the  reverberatory  furnace  or  crucible  and  pouring  it  in  a  thin  stream 
into  cold  water  kept  in  agitation  by  means  of  a  wooden  stick.  The 
water  is  contained  in  a  copper  pan.  In  order  to  facilitate  the  stirring, 
this  pan  has  a  loose-lying  movable  false  bottom  with  a  central  hole, 
above  the  true  bottom.  The  granulations  drop  through  this  opening 
into  the  true  bottom  of  the  pan.  The  consumption  of  coke  amounts 
to  40  to  60  per  cent,  of  the  weight  of  alloy. 

Before  being  treated  with  sulphuric  acid,  the  granulations  are 
dried  on  heated  iron  plates  or  in  copper  trays. 

2.  Solution  of  the  Silver  in  the  Alloy  hy  means  of  StUphuric  Add 

The  silver  in  the  alloy,  which  is  either  in  the  form  of  granulations 
or  of  thin  slabs,  is  dissolved,  as  a  rule,  in  cast-iron  pots.  Porcelain 
vessels  are  only  employed  when  very  small  quantities  of  bullion  have 
to  be  parted.  Platinum  vessels  used  formerly  to  be  employed,  but  on 
account  of  their  high  price  and  of  the  gradual  action  of  the  sulphuric 
acid  upon  them,  they  have  been  replaced  by  cast-iron  pots. 

Cast-iron  pots  are  best  made  of  white  iron,  as  being  less  attacked 
than  gray  by  the  acid ;  the  same  eflFect  is  produced  by  a  high  propor- 
tion of  silicon  or  phosphorus  in  the  iron.  If  kept  from  the  air,  such 
pots  may  last  for  several  years.  As  the  presence  of  copper  diminishes 
the  action  of  the  acid  upon  the  iron,  in  some  works  copper  is  thrown 
into  the  pots  during  parting.  The  pots  are  made  large  enough  to 
hold  13,000  to  16,000  ounces  of  bullion.  For  instance,  the  charge  at 
Freiberg  is  12,000  to  16,000  ounces,  at  Lautenthal  about  6,400  ounces, 
at  Kremnitz  8,000,  at  Balbach  in  Newark  8,000,  at  the  New  York 
United  States  mint  3,600  to  4,800  ounces,  according  to  the  fineness 
of  the  alloy.  The  pots  at  Freiberg  are  40  inches  in  diameter  and 
40  inches  deep,  those  at  Kremnitz  are  of  the  same  size,  thoi«  at 
Lautenthal  33  inches  deep  and  33  inches  in  diameter,  at  New  York 
45  inches  in  diameter  and  26  inches  deep.  The  castings  are  aboat 
1|  to  IJ  inches  thick. 


them  to  a  leaden  tank  sunk  in  the  floor  in  front  of  it. 

The  setting  of  the  pots  at  Lautenthal,  the  fireplac< 
as  well  as  the  arrangement  for  catching  any  fluid  that     i 
are  shown  in  Figs.  694  and  695. 

In  these  A  is  the  dissolving  pot,  d  the  cast-iron  pi   I 
ducting  any  escaping  fluid  to  the  tank  S.Biati.  pot  for  r 


silver  solution  produced  in  .^,  Pis  a  small  pot  for  boiling  u 
residue. 

The  pots  are  covered  with  leaden  hoods  or  lids,  or  w 
lids  lined  with  lead,  in  which  there  are  openings  for  introil 
bullion  and  the  acid,  and  a  leaden  tube  for  leading  away  t: 
dioxide.  The  opening  for  introducing  the  alloy  serves  aXt 
ring  up  the  contents  of  the  pot,  for  ladling  out  the  silver  so^ 
for  removing  the  gold. 

At  the  New  York  mint,  the  pots  are  covered  with  heir 
leaden  hoods  strengthened  by  internal  iron  ribs  ;  they  havi 
above-named  opening,  and   are    connected  by  a  watcr-se 
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leaden  pipe  for  carrying  off  the  fumes.  The  acid  vapours  evolved 
during  parting  pass  first  to  a  condensing  chamber,  in  which  any 
particles  of  sulphate  of  silver  that  are  carried  over  may  be  deposited, 
and  thence  into  various  arrangements  for  rendering  the  sulphur 
dioxide  innocuous.  It  may  be  converted  into  sulphuric  acid  in  lead 
chambers,  or  collected  in  lead  towers  filled  with  wet  coke,  as  at  New 
York,  or  employed  in  Roessler's  apparatus  for  dissolving  the  copper 
from  silver-copper  alloys,  as  at  Frankfort,  or  be  passed  into  a  leaden 
tower  filled  with  scrap  iron,  down  which  water  trickles,  as  at  Freiberg. 

In  this  latter  process,  devised  by  Winkler,  a  solution  is  obtained 
containing  ferrous  sulphate  and  thiosulphate,  which,  on  boiling 
with  steam,  is  converted  into  ferrous  sulphate,  with  the  formation 
of  sulphur  and  sulphur  dioxide^  which  latter  is  led  back  into  the 
tower. 

The  vapours  containing  sulphur  dioxide  and  sulphuric  acid  can 
only  be  allowed  to  escape  directly  into  stacks  when  there  is  no  fear 
of  complaints  on  the  score  of  nuisance  from  the  neighbours  of  the 
parting  establishment. 

Porcelain  vessels  are  used  when  small  lots  of  bullion  only  are 
treated,  eg,,  at  Oker  in  the  Harz,  where  the  charge  amounts  to  190 
to  225  ounces.  The  operation  in  these  vessels  is  cleanly,  and  entails 
only  very  small  mechanical  losses. 

The  arrangement  of  such  a  porcelain  dissolving  vessel  as  used  at 
Oker  is  shown  in  Figs.  696  and  697. 

The  porcelain  pot  is  shown  at  a ;  it  is  134  inches  high,  13*4  inches 
in  diameter  at  its  widest  part,  11  inches  at  the  bottom,  and  9"25 
inches  at  the  top,  and  takes  a  charge  of  200  ounces.  To  keep  it  from 
cracking,  it  is  enclosed  in  a  netting  of  iron  wire,  and  is  coated  with  a 
mixture  composed  of  clay  and  hammerscale.  It  is  set  in  an  iron 
frame  6,  with  handles  c,  which  in  its  turn  is  placed  inside  the  cast- 
iron  pot  rf,  which  is  heated  over  a  fire  grate.  It  is  closed  by  the  lid,  /?, 
which  is  provided  with  a  water-seal.  In  this  lid  there  is  a  working 
hole,/,  and  another  aperture  into  which  fits  the  porcelain  tube,  u  K' 
lead  off  the  fumes.  Both  these  openings  are  provided  with  water- 
seals,  and  the  porcelain  tube  communicates  with  a  leaden  pipe  by 
means  of  a  similar  seal. 

The  bullion  is  charged  into  the  dissolving  pot  either  in  the  form 
of  granulations,  or  of  thin  slabs,  as  at  Balbach  in  Newark,  and  at  San 
Francisco.  The  latter  shape  has,  according  to  Gutzkow,^  the 
advantage  that  there  is  but  little  foaming,  so  that  the  pots  can  K^ 
kept  in  continuous  ebullition,  and  the  operation  is  performed  more 

^  Diwjl.  Jonm.  vol.  225,  p.  303. 


After  the  bullion  has  been  charged,  an  amount  of  acid  equal  bo 
twice  the  weight  of  the  alloy  is  introduced,  and  the  temperature  is 
cautiously  raised. 

In  dissolving  granulations,  violent  effervescence  and  a  tumultuous 
evolution  of  sulphur  dioxide  take  place,  so  that  the  acid  is  often  added 
in  several  lots,  and  not  all  at  once.  If  the  bullion  contains  copper,  it 
must  be  repeatedly  stirred  to  prevent  the  sulphate  of  copper  settling 


down  and  encrusting  portions  of  the  bullion.  According  to  the  size 
of  the  charge  and  its  richness  in  silver,  4  to  12  hours  are  required 
for  dissolving  out  the  silver.  When  the  solution  ia  complete,  which 
may  be  known  by  all  hissing  sound  having  ceased,  and  by  no  hard 
lumps  being  felt  in  the  bottom  of  the  pot  when  an  iron  rod  is 
introduced  into  it,  the  solution  is  in  most  works  allowed  to  cool 
and  settle.  The  anhydrous  sulphates  of  copper,  iron,  and  lead 
are  then  deposited  with  the  gold.  The  solution  is  pale  green 
when  rich  in  silver,  brownish  when  poorer.  In  many  cases  it  is 
white  and  turbid,  due  to  sulphate  of  silver   separating   out  when 
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the  solution  has  been  cooled  too  far,  or  to  suspended  ferrous  or  lead 
sulphate. 

The  clarified  and  cooled  fluid  is,  in  the  case  of  iron  pots,  ladled 
out  with  iron  or  copper  ladles  into  a  second  pot  or  a  leaden  tank,  or 
syphoned  off  by  a  leaden  syphon.  In  some  parting  establishments  (in 
France  and  England)  the  entire  contents  of  the  pot  are  drawn  off, 
without  having  been  allowed  to  settle,  by  a  platinum  sjrphon,  into  a 
leaden  vessel  containing  a  certain  quantity  of  water.  In  this  vessel 
the  mass  is  heated  to  boiling  by  means  of  steam,  whereby  the 
sulphates  are  dissolved,  while  the  gold  settles ;  the  solution  is  then 
drawn  off.  When  porcelain  vessels  are  employed,  the  silver  solution 
is  poured  off  into  leaden  vessels. 

The  further  treatment  of  the  silver  solution  will  be  subsequently 
described. 

The  fuel  consumption  varies  with  the  length  of  time  employed  in 
solution.  For  instance,  at  Kremnitz,  in  dissolving  8,000  ounces  of 
granulations  containing  10  per  cent,  of  gold,  the  consumption  of  wood 
Is  70  to  106  cubic  feet. 

3.  Treatment  of  the  Besiditefor  Gold 

The  gold-bearing  residue  still  retains  some  silver,  and  is  therefore 
boiled  up  repeatedly  (up  to  seven  times)  with  concentrated  sulphuric 
acid  in  dissolving  vessels  or  smaller  pots.  It  is  then  boiled  with 
water  to  remove  anhydrous  sulphates.  In  many  places,  e.g.,  Lauten- 
thal,  it  is  then  again  treated  in  small  cast-iron  pots  to  remove 
further  portions  of  silver.  It  is,  however,  impossible  to  get  rid  of  all 
the  silver  by  sulphuric  acid;  according  to  Pettenkofer  some  per 
cents,  of  silver  are  always  retained  by  the  gold.  If  gold  free  fiom 
silver  is  required,  chlorine  can  be  passed  into  the  molten  alloy  as 
explained  under  parting  in  the  dry  way,  or  the  gold  may  be  fused 
with  sodium  or  potassium  bisulphate  as  at  Freiberg,  or  the  gold  may 
be  dissolved  in  aqua  regia,  the  silver  remaining  behind  as  insoluble 
chloride,  whilst  the  gold  is  precipitated  from  the  solution  by  ferrous 
sulphate  or  chloride,  as  at  Lautenthal  or  Frankfort. 

Potassium  and  sodium  bisulphate  at  a  melting  heat  convert  the 
silver  in  the  gold  into  sulphate.  The  latter  can  be  leached  out  by 
boiling  the  mass  with  sulphuric  acid  and  then  with  water.  The 
usual  method  is  to  mix  the  dry  pulverulent  gold  with  one-fourth  ite 
weight  of  calcined  Glauber's  salt,  transfer  the  mixture  to  a  cast-iron 
pot,  and  to  add  English  sulphuric  acid  in  small  quantities  (6  to  6i 
parts  of  acid  to  10  parts  of  salt).     After  the  first  portion  of  acid  has 


the  heating  is  contmuGd  for  a  white.  Finally  it  is  boiled  up  with  a 
lai^e  quantity  of  sulphuric  acid.  By  this  means  the  gold  can  be 
brought  up  to  a  fineness  of  998  per  mil. 

The  purest  gold,  completely  free  from  silver,  is  obtained  by 
Roessler's  method,  which  consists  in  dissolving  the  gold,  after  it  has 
been  boiled  in  sulphuric  acid,  in  aqua  regia  in  a  porcelain  vessel, 
whilst  the  silver  remains  as  chloride,  and  any  osm-iridium  present  is 
not  attached,  and  can  be  filtered  off  from  the  gold  solution.  The 
gold,  precipitated  from  this  solution  by  means  of  ferrous  sulphate  or 
chloride,  is  dried  and  melted  in  crucibles  with  borax ;  it  is  thus 
obtained 999 4  to  9999  per  mil  fine. 

In  Lautenthal,  6,400  ounces  of  granulated  gold-silver  bullion  are 
boiled  in  the  caat-iron  pots  shown  above  (Figs.  694, 695)  with  880  lbs. 
of  sulphuric  acid  of  66°  B.  for  10  to  12  hours.  The  silver  sulphate 
solution  is  allowed  to  cool,  and  is  then  ladled  out.  The  residue  is 
removed  after  every  fourth  boiling,  so  that  it  represents  the  gold 
from  25,600  ounces  of  granulations.  After  being  boiled  with  concen- 
trated sulphuric  acid,  it  is  boiled  with  water  in  a  leaden  tank  by  the 
aid  of  steam  to  remove  the  anhydrous  sulphates.  It  is  then  boiled 
up  several  times  with  concentrated  sulphuric  acid  in  small  cast-iron 
pots.  The  gold  is  now  920  per  mil  fine.  After  being  thoroughly 
Avashed  it  is  dissolved  in  aqua  regia,  in  a  vessel  of  the  shape  shown  in 
Fig.  698.     The  solution  is  filtered  off  from  the  precipitate,  which 


consists  chiefly  of  chloride  of  silver,  and  is  wanned  on  the  sand- 
bath  with  ferrous  chloride  in  a  porcelain  vessel  of  the  shape  shown 
in  Fig.  699.  The  completion  of  the  precipitation  of  the  gold  is 
indicated  by  a  violent  evolution  of  nitrous  fumes,  produced  by  the 
reaction  of  the  excess  of  ferrous  chloride  upon  the  nitric  acid.  The 
precipitated  gold  is  washed  till  the  washings  are  free  from  iron.  It 
ia  then  dried  in  a  porcelain  basin  and  fused  in  a  Hessian  crucible  with 
potash  and  meal.   Three  of  the  lumps  of  gold  thus  produced,  weighing 
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about  50  ounces  each,  are  melted  together  in  graphite  crucibles 
and  cast  into  bars.  The  chloride  of  silver  is  boiled  up  again  with 
aqua  regia  and  then  reduced  by  iron  and  sulphuric  acid.  The 
platinoid  metals  will  be  found  in  the  filtrate  from  the  precipitated 
gold. 

In  Freiberg,^  12,900  to  16,000  ounces  of  granulations  are  treated 
with  twice  their  weight  of  sulphuric  acid  in  cast-iron  pots  for  8  to  12 
hours.  After  cooling  for  10  to  12  hours,  the  solution  of  sulphate 
of  silver  is  ladled  out,  and  a  fresh  charge  is  put  in  and  boiled  with 
sulphuric  acid  in  the  same  way.  The  residues  from  2  to  3  dis- 
solvings are  boiled  with  water  in  a  wooden  tank  lined  with  lead,  by 
means  of  steam,  boiled  twice  with  sulphuric  acid  in  a  small  cast-iron 
pot,  washed  with  water  in  a  porcelain  basin,  and  dried  on  a  graphite 
slab.  They  are  then  treated  in  a  cast-iron  pot  18*5  inches  high,  10'3 
inches  diameter  at  the  mouth,  and  0*5  inch  thick,  with  fused  sodium 
bisulphate  in  the  proportions  of  1 :  2,  64  ounces  of  gold  being  treated 
at  a  time  for  a  space  of  2  to  3  hours.  The -fused  mass,  which  is 
yellowish-green  or  brownish,  is  poured  on  to  an  iron  slab,  and  after 
cooling  is  washed  with  hot  water  in  porcelain  vessels.  The  residual 
gold  is  dried  on  a  slab  of  graphite,  and,  to  remove  further  impurities, 
especially  platinum,  is  heated  slowly  in  quantities  of  100  to  120 
ounces  with  J  to  J  per  cent,  of  nitre  in  graphite  pots  for  5  to  6 
hours,  and  then  kept  melted  for  another  5  to  6  hours.  Gold  is  thus 
obtained  free  from  platinum;  it  is  remelted  in  graphite  crucibles 
and  poured  into  iron  moulds.  The  platinum  is  converted  by  nitre 
into  platinate  of  potash,  which  goes  into  the  slag.  The  fineness  of 
the  gold  is  997  to  998  per  mil.  The  slags,  obtained  by  melting  the 
gold  with  bisulphate  of  soda  as  well  as  with  nitre,  contain  platinum. 
They  are  smelted  with  litharge  and  charcoal,  producing  platini- 
ferous  lead,  which  is  cupelled.  The  metal  thus  obtained  is  treated 
with  aqua  regia,  which  dissolves  the  platinum ;  and  the  latter  is 
recovered  by  precipitating  with  sal-ammoniac  and  igniting  the 
precipitate. 

At  the  mint  at  Kremnitz,  in  Hungary,  8,000  ounces  of  granu- 
lations are  boiled  with  twice  their  weight  of  sulphuric  acid  of  GG**  B. 
in  cast-iron  pots  for  4  to  5  hours.  The  residue  thus  obtained  is 
boiled  again  in  the  dissolving  pot  for  1 J  hours  with  123  lbs.  of  fresh 
sulphuric  acid  of  66°  B.,  and  then  boiled  up  from  2  to  5  times  more, 
according  to  its  purity,  with  sulphuric  acid,  in  smaller  cast-iron  pots. 
23  inches  in  diameter  and  21^  inches  deep.     To  each  2,250  ounces 

*  Ann.  des  Mines,  1875,  vol.   vii.  p.  .339;  Berg-  und  Hiiftenm,-Z(g,  1871,  p.  247  ; 
Freibergs  Berg-  itmi  Huttenwnsen,  1893,  p.  .333, 


GOLD  1067 

of  gold  31  to  33  lbs.  of  sulphuric  acid  of  66°  B.  are  added.  The  time 
of  a  boiling  up  is  4  to  5  hours,  and  the  fuel  consumption  is  half  as 
great  as  it  is  in  dissolving  the  granulations. 

The  gold  is  boiled  with  water  in  stoneware  vessels  set  on  a  sand- 
bath  to  remove  the  anhydrous  sulphates.  It  is  then  boiled  repeatedly 
with  dilute  nitric  acid,  in  order  to  remove  metallic  lead  and  an 
additional  quantity  of  silver,  in  stoneware  vessels  12  inches  high  and 
20  inches  inside  diameter.  The  gold  is  then  washed  clean,  and  dried 
in  quantities  of  2,250  ounces  in  crucibles  set  in  air  furnaces,  the  heat 
being  raised  until  it  agglomerates  so  as  to  prevent  loss  in  the  form  of 
dust  when  it  is  being  melted. 

The  sintered  gold  is  melted  in  charges  of  1,600  to  3,200  ounces 
in  graphite  crucibles  under  a  cover  of  borax,  and  with  the  addition  of 
nitre.  If  the  gold  still  contains  traces  of  lead,  cupric  chloride  is 
added  to  remove  the  latter.  For  fusion,  the  fuel  consumption  is  88 
to  120  lbs.  of  coke  for  1,900  ounces  of  gold.  The  fineness  of  the  gold 
so  obtained  is  995  parts  per  mil. 

In  the  United  States  mint  at  New  York,  the  bullion  charge  is 
300  to  400  lbs.,  which  is  boiled  in  cast-iron  pots  with  sulphuric  acid, 
added  in  two  lots.  The  gold  is  boiled  up  seven  times  more  with 
sulphuric  acid  in  pots  of  the  same  size  as  the  dissolving  pot.  After 
the  fifth  and  seventh  acid  boilings,  the  gold  is  boiled  with  hot  water ; 
finally  it  is  washed  upon  a  filter  of  cloth.  The  gold  so  obtained 
is  996  to  998  per  mil  fine.  Coai-se-grained  gold  is  dried  and  melted 
in  graphite  pots ;  when  it  is  fine-grained  it  is  first  pressed  in  a 
hydraulic  press  before  drying  and  melting.  During  the  fusion  nitre 
and  bone-ash  are  added. 

At  the  works  at  Balbach,  in  Newark,  the  bullion  to  be  parted  is 
cast  in  thin  slabs.  About  8,000  ounces  of  these  slabs  are  charged 
into  the  cast-iron  dissolving  pots  and  dissolved  in  concentrated 
sulphuric  acid.  The  residual  gold,  amounting  to  about  1  per  cent, 
of  the  alloy,  is  melted  with  some  silver  and  then  parted  by  nitric 
acid.  Alloys  that  contain  platinum  (produced  from  the  anode  mud 
from  the  electrolysis  of  certain  kinds  of  copper)  are  treated  direct 
with  nitric  acid.  The  platinum  is  thus  dissolved  with  the  silver,  and 
after  the  latter  has  been  precipitated  as  chloride,  the  former  is  thrown 
down  by  means  of  zinc. 

At  the  San  Francisco  Assaying  and  Refining  Works  in  San 
Francisco,  a  portion  of  the  bullion  is  also  dissolved  in  the  form 
of  slabs  in  cast-iron  pots.  Another  portion  is  dissolved  in  the  form  of 
granulations.  The  alloy  in  slabs  contains  2  to  10  per  cent,  of  gold ; 
the  granulations  contain  2  parts  of  gold  to  3  of  silver. 
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The  bullion  is  dissolved  in  cast-iron  pots  26  inches  in  diameter 
and  17 J  inches  deep.  They  are  provided  with  leaden  hoods,  from 
which  a  lead  pipe  carries  the  sulphurous  vapours  first  into  a  little  lead 
chamber  and  then  into  a  condensing  chamber  filled  with  wet  coke. 
The  charge  for  a  pot  is  about  3,200  ounces  in  the  form  of  granula- 
tions, or  4,800  ounces  in  bars.  The  sulphuric  acid  stands  9  to  10 
inches  high  in  the  pots.  The  dissolving  takes  3  to  4  hours.  The 
silver  sulphate  solution  is  ladled  off,  and  the  gold,  if  produced  from 
granulations,  is  boiled  again  for  another  2  hours  with  sulphuiic  acid, 
whereas  the  bars  are  brought  by  the  first  boiling  to  a  fineness  of  996 
per  mil,  and  do  not  need  a  second  boiling.  The  gold  in  either  case 
is  washed  first  with  acid,  next  with  hot  water,  then  pressed,  dried,  and 
melted.    Its  fineness  is  990  to  994  per  mil. 

Auriferous  silver  of  high  copper  content  is  treated  at  the  Kansas 
City  Works  by  the  new  Gutzkow  process,^  which  consists  in  dissolv- 
ing in  excess  of  somewhat  weak  sulphuric  acid,  diluting  to  allow  the 
silver  sulphate  to  crystallise  out,  and  reducing  this  in  crucibles  with 
charcoal.  The  residual  gold  is  washed  with  hot  water,  dried,  and 
melted. 

Alloy  of  ordinary  composition  requires  four  times  its  weight  of 
acid  ;  bar  silver  with  20  per  cent,  of  copper  takes  six  times  its  weight 
of  acid,  and  the  acid  is  increased  in  quantity  with  higher  proportions 
of  copper.  The  pot  is  of  cast-iron,  4  feet  in  diameter  and  3  feet 
high.  The  bottom  is  flat  with  a  bowl-like  depression  for  the  collec- 
tion of  the  gold.  The  charge  is  400  lbs.  of  bullion  in  the  form  of  bars 
or  granulations ;  the  acid  is  of  the  strength  66°  B.  After  4  to  6 
hours'  heating  the  greater  part  of  the  silver  passes  into  solution. 
The  fire  is  damped,  and  mother-liquor  from  the  crystallisation  of 
silver  sulphate  is  run  in  until  the  liquid  fills  the  pot  to  within  1  or  2 
inches  of  the  brim.  It  is  then  syphoned  off  into  a  cast-iron  dish 
1  foot  deep,  which  is  cooled  to  promote  crystallisation  by  standing  in 
a  vessel  of  water. 

The  spongy  gold  remaining  in  the  solution  pot  is  ladled  out 
and  washed  thoroughly  with  water  until  free  from  silver  sulphate ; 
it  is  then  freed  from  lead  sulphate  and  other  insoluble  bodies 
by  agitation  in  hot  running  water.  Finally  it  is  dried  and  melted 
down. 

At  Oker,  200  ounces  of  granulations  (containing  95  per  cent, 
silver  and  J  per  cent,  gold)  are  treated  with  31  lbs.  of  sulphuric  acid 
for  6  hours  in  a  porcelain  vessel.     After  the  gold  has  settled  for  5 

»  T.  K.  Rose,  loc.  cit.  p.  36.3.     Tht  Eng.  and  Min,  Jonm,  February  28,  189J, 
p.  257  ;  May  7,  1892,  p.  497. 


acid  in  a  porcelain  vessel,  washed,  dried  in  a  porcelain  dish,  and 
melted  in  quantities  of  160  ounces  in  graphite  crucibles  under  a 
borax  cover.  The  gold  is  poured  into  waxed  cast-iron  moulds  and  is 
985  parts  per  mil  fine. 

4.  Recovei-y  of  Silver  from  the  Silver  Sulphate  Solution 

The  silver  is  precipitated  from  the  sulphate  solution  by  means  of 
copper,  iron,  or  ferrous  sulphate,  or  it  is  obtained  in  the  new  Gutz- 
kow's  method  by  reduction  of  the  dried  salt  with  charcoal. 

When  copper  is  used,  the  solution  from  the  dissolving  pots  is 
transferred  to  tanks,  generally  made  of  wood,  lined  with  lead,  in  which 
sheets  of  copper  are  set  or  suspended.  The  solution  is  diluted  with 
water  and  acid  washings,  and,  to  prevent  the  sulphate  of  silver  from 
separating  out  in  the  solid  state,  it  is  heated  to  boiling  by  the  intro- 
duction of  live  steam. 

As  soon  as  the  solution  no  longer  reacts  for  silver,  the  solution  of 
sulphate  of  copper  thus  formed  is  drawn  ofi"  from  the  precipitated 
silver  known  as  cemtnt  sitter.  Theoretically,  to  precipitate  100  parts 
by  weight  of  silver,  29  parts  of  copper  are  required,  115  parts  of 
copper  sulphate  being  produced  ;  the  latter  is  crystallised  out  from 
the  solution. 

When  iron  is  employed  to  precipitate  the  silver,  the  sulphate  of 
silver  is  first  separated  out  in  the  solid  form.  With  this  object  the 
silver  solution  is  ladled  out  of  the  dissolving  pot  into  another  one, 
in  which  it  is  cooled  and  diluted,  until  the  greater  part  of  the 
sulphate  of  silver  is  precipitated  as  a  greenish -white,  cheesy  mass. 
This  mass  is  shovelled  into  a  lead-lined  wooden  tank,  whilst  the  acid 
solution  is  added  in  dissolving  fresh  lots  of  bullion.  The  sulphate  of 
silver  is  packed  in  layers  alternating  with  layers  of  sheet- iron  (button- 
makers'  clippings  answer  best),  which  precipitates  the  silver  with  a 
marked  elevation  of  temperature.  To  accelerate  the  precipitation, 
the  mass  is  stirred  with  wooden  paddles.  The  iron  is  so  proportioned 
as  to  precipitate  the  silver  only  and  not  the  copper.  In  consequence 
of  the  action  of  free  sulphuric  acid  upon  the  iron,  gases  are  evolved 
which  may  carry  with  them  particles  of  the  solution,  and  cause  loss 
of  silver.  To  overcome  this  objection,  the  precipitation  is  carried 
out  in  shallow  wooden  lead-lined  trays.  It  is  also  necessary  to  use 
steam  injectors  or  chimneys  with  powerful  draught,  to  protect  the 
workmen  from  breathing  these  gases  and  the  particles  of  solution 
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carried  oflf  by  them.  The  filtrate  from  the  silver  is  worked  up  for 
green  vitriol. 

The  method  of  precipitation  by  iron  has  the  advantage  of 
economising  fuel  and  steam  for  heating  the  solution  and  of  employing 
a  cheaper  precipitant. 

When  the  silver  is  precipitated  by.  ferrous  sulphate  (Gutzkows 
method),  the  sulphate  of  silver  is  also  obtained  in  a  solid  (crystalline) 
form  by  cooling  and  diluting  the  solution.  The  crystals  of  sulphate 
of  silver  thus  separated  are  thrown  on  to  a  filter,  and  a  hot  solution 
of  ferrous  sulphate  is  run  on  to  them.  Metallic  silver  is  reduced, 
ferric  sulphate  being  formed  and  going  into  solution,  thus  : — 

Ag,SO, + 2FeS0,  =  Ag, + FojiSO,\. 

The  ferric  sulphate  solution  is  collected  in  a  leaden  tank  standing 
below  the  filter.  If  the  sulphate  of  silver  contains  copper,  a  copper- 
bearing  solution  runs  otf  first,  which  is  collected  separately  and  the 
copper  precipitated  by  means  of  iron.  The  ferric  sulphate  solution 
is  converted  into  ferrous  sulphate  (which  is  used  to  precipitate  fresh 
quantities  of  silver  sulphate)  by  the  introduction  of  iron. 

Cement  silver,  produced  by  any  of  the  above  methods,  is  first 
freed  by  sieving  from  any  lumps  of  copper  it  may  contain,  and  is  then 
washed  with  water  on  filters  or  in  wooden  tubs,  until  the  washings  no 
longer  react  for  copper,  iron,  or  sulphuric  acid.  The  silver  is  then  freed 
from  the  greater  portion  of  its  water  by  being  squeezed  in  linen,  or 
in  screw  or  hydraulic  presses,  the  last-named  being  preferable.  The 
cakes  of  silver,  so  obtained,  are  heated  on  iron  plates  or  in  round  or 
oval  cast-iron  pipes,  broken  up,  melted  in  clay  or  graphite  crucibles, 
and  cast  into  bars.  In  order  to  remove  any  foreign  substances,  nitre 
is  added,  and  the  slag  formed  is  skimmed  before  the  silver  is  poured. 
The  moulds  into  which  the  silver  is  poured  are  coated  with  clay  or 
lime,  and  are  covered  up  as  soon  as  the  silver  has  been  poured  in- 
The  silver  thus  obtained  is  998-999  parts. per  mil  fine. 

The  solutions  left  after  the  precipitation  are  worked  up  for  blue- 
stone  or  green  vitriol,  as  the  case  may  be. 

The  washings  are  used  to  dilute  the  solutions  for  the  precipitation 
of  silver. 

The  dross  produced  in  melting  the  silver  as  well  as  the  gold  is 
smelted  with  potash  or  litharge,  or  added  during  the  cupellation  of 
work-lead. 

The  old  crucibles  are  broken  up  and  added  during  the  smelting  of 
silver  ores,  or  else  they  are  treated  with  dilute  sulphuric  acid  and 
amalgamated. 
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In  Freiberg  the  silver  sulphate  solution,  after  be 
cool  for  10  or  12  hours  in  the  dissolving  pot,  is  ladle 
ladles  into  copper  vessels,  and  from  these  into  wood« 
with  hard  lead  (6  feet  2  inches  long,  4  feet  2  inch 
3  feet  4  inches  deep).     In  these  the  silver  is  precipitate 
sheet  copper,  the  solution  being  heated  by  steam  to  70° 
is  pressed  through  a  sieve  which  retains  all  pieces  of  ( 
with  hot  water  in  a  wooden  vat  furnished  with  a  false 
linen  filter,  pressed  in  a  hydraulic  press  into  cakes 
diameter,  dried  strongly  in  iron  retorts  3  feet  4  inches 
inches  in  diameter,  melted  in  blacklead  crucibles  37  in 
18^  inches  wide  at  the  mouth,  and  finally  cast  into 
ounces  in  weight,  or  granulated.     The  silver  is  998  to  9£ 

The  practice  in  Kremnitz  is  similar.  The  precipita 
8  feet  2  inches  long,  4  feet  3  inches  broad,  and  2  feet  I 
The  silver  sulphate  solution  is  diluted  to  24°  B.  before 
precipitated.  The  cement  silver  is  washed  with  hot  w£ 
supported  by  a  perforated  copper  funnel ;  it  is  pressed 
a  hydraulic  press,  heated  in  oval  cast-iron  retorts,  melt( 
of  16,000  to  19,000  ounces  in  graphite  crucibles,  and  fii 
moulds.  The  fuel  consumption  in  the  air  furnace 
charge  is  220  to  310  lbs.  of  coke. 

The  solution  of  sulphate  of  copper  obtained  by  pre 
silver  is  evaporated  down  to  44°  B.,  and  then  allowed 
The  bluestone  crystallises  upon  twigs  of  birch ;  the  coi 
thus  produced  is  dissolved  in  water,  the  solution  (at 
again  evaporated,  and  allowed  to  crystallise.     The  crysl 
are  heated  by  steam. 

In  the  New  York  mint  the  silver  is  also  precipitatec 
copper.  The  precipitating  tanks  are  7  feet  long,  5  f< 
3  feet  10  inches  deep.  The  copper,  in  the  form  of  slabs, 
the  sides  and  laid  on  the  bottom  of  the  tank.  The  si 
solution  is  diluted  with  wash  water  to  20°  B.,  and  boi 
steam  for  6  or  7  hours.  The  precipitated  silver  is  filter 
filter  supported  by  a  copper  vessel,  washed  in  a  leaden  t 
water,  pressed  in  a  hydraulic  press,  dried  by  live  steam 
in  a  copper  steam  drier,  and  melted  in  graphite  crucibl 
of  4,600  to  6,000  ounces  with  nitre  and  bone-ash.  Tl 
into  bars,  is  990  to  998  per  mil  fine. 

The  copper  sulphate  solution  is  concentrated  to  3 
and  allowed  to  crystallise,  the  crystals  forming  on  strips 

The  precipitation  of  silver  by  iron  is  carried  on,  e.g.,  at 


<  I 
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in  the  Upper  Harz.  The  cooled  solution  of  sulphate  of  silver  is 
ladled  by  means  of  copper  ladles  into  a  cast-iron  pot  standing  beside 
the  dissolving  pot,  and  there  diluted  with  cold  water  down  to  58°  B., 
by  which  means  the  sulphate  of  silver  is  separated  as  a  greenish- white 
cheese-like  mass.  The  latter  is  transferred  to  a  lead-lined*  wooden 
tank  for  the  reduction  of  the  silver,  whilst  the  solution  is  added  when 
fresh  lots  of  bullion  are  being  dissolved.  The  precipitating  tank, 
together  with  the  tank  standing  beside  it  to  receive  the  washings 
from  the  silver  sulphate,  are  shown  in  Fig.  700.  H  is  the  precipitating 
tank,  K  the  tank  for  the  washings.  Both  have  inclined  bottoms,  are 
constructed  of  wood,  and  lead-lined.     The  sulphate  of  silver  is  placed 


Fio.  700 
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in  layers  with  button- makers'  clippings,  which  are  added  gradually, 
and  very  cautiously  towards  the  end  of  the  precipitation.  The 
washings  contained  in  the  tank  iTare  added,  and  the  mass  stirred  with 
wooden  shovels  during  the  precipitation.  The  precipitation  is  com- 
plete when  salt  ceases  to  produce  any  turbidity  in  the  solution ;  it 
lasts  2  to  3  hours.  The  precipitated  silver  is  transferred  to  a  filter 
of  linen  supported  in  a  vessel  made  of  perforated  sheet  copper  of  the 
shape  shown  in  Fig.  701,  and  washed  with  hot  water  till  ferrocyanide 
of  potassium  no  longer  gives  an  iron  reaction  with  the  washings. 
The  latter  are,  as  already  stated,  collected  in  the  tank  IT,  and  added 
during  the  precipitation  of  the  silver.     The  cement  silver  is  pressed 
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in  a  hydraulic  press,  heated  in  a  cylindrical  cast-iron 
with  nitre  in  quantities  of  6,400  to  8,000  ounces  in  graj 
and  poured  into  cast-iron  moulds. 

The  solution  of  ferrous  sulphate  is  filtered  throi 
granulated  lead,  evaporated  in  basins  with  the  additi 
allowed  to  crystallise  in  tanks. 

The  ground  plan  of  the  Lautenthal .  parting  worl 
Fig.  702.     A  is  the  dissolving  pot,  -B  the  pot  forreceivii 
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of  silver  sulphate,  C  a  leaden  tank  into  which  the  acid  is 
B,  from  off  the  solid  sulphate  of  silver,  to  be  subsequei 
preparing  further  solutions,  e  the  stack  for  carrying  off  th( 
vapours,  H  the  precipitating  tank,  K  the  tank  for  wasl 
filter  on  which  the  cement  silver  is  washed,  Q  a  boiler  fo 
R  a  receiver  for  the  iron-bearing  solutions,  Y  the  hydra 
the  retort  for  heating  the  pressed  silver,  V  the  air 
melting  silver,  W  for  melting  gold,  k  a  trough  with 
granulated  lead  through  which  the  solutions  containing  i 
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p  an  injector  to  convey  the  solutions  of  ferrous  sulphate  to  the 
evaporating  pans  D,  N,  N  are  crystallising  tanks  for  the  ferrous 
sulphate.  T  is  a  leaden  tank  for  freeing  the  gold  from  sulphates 
by  boiling  with  water,  o  being  the  steam  pipe  by  which  the  latter  is 
heated.  P  is  a  pot  for  boiling  the  gold  with  sulphuric  acid,  a  a  sand- 
bath,  7  a  work  bench,  S  a  lead-lined  tank  for  collecting  crystallised 
green  vitriol. 

Gutzkow's  method  of  precipitating  the  silver  from  the  solution  of 
sulphate  by  means  of  ferrous  sulphate  was  in  use  at  the  San  Francisco 
Assaying  and  Refining  Works  ;  these  works  are  no  longer  in  existence. 
According  to  Egleston  ^  the  process  was  carried  out  as  follows : — 

The  silver  sulphate  solution  was  drawn  off  from  the  dissolving  pot 
into  an  iron  tank  9  feet  long,  5  feet  wide,  and  20  inches  deep,  con- 
taining sulphuric  acid  at  58°  B.  (being  the  mother-liquor  drained  from 
precipitated  silver  sulphate),  and  was  then  heated  by  external  firing 
to  110°  C.  The  dilution  caused. the  precipitation  of  sulphate  of  lead, 
which  carried  down  any  suspended  particles  of  gold,  whilst  the  high 
temperature  kept  the  sulphate  of  silver  in  solution.  The  clear 
solution  was  drawn  off  into  a  second  iron  tank  standing  in  a  leaden 
one,  and  cooled  by  the  circulation  of  cold  water  in  the  space  between 
the  two,  whereby  the  sulphate  of  silver  was  precipitated,  forming  a 
hard  yellow  crystalline  incrustration  on  the  bottom  of  the  tank,  this 
process  taking  9  hours.  At  the  end  of  this  time  the  supernatant 
mother-liquor  was  forced  back  into  the  first  iron  tank,  where  it  formed 
the  acid  at  58°  B.  used  for  diluting  sulphate  of  silver  solution. 

The  sulphate  of  silver,  which  contained  intermixed  cuprous  oxide 
as  a  red  powder,  was  transferred  to  wooden  boxes  lined  with  lead  and 
provided  with  false  bottoms,  4  feet  long,  35  inches  wide,  and  12 
inches  deep.  One  such  box  received  the  silver  sulphate  firom  five 
dissolving  pots.  Hot  concentrated  solution  of  ferrous  sulphate  as 
neutral  as  possible  was  then  run  in ;  it  penetrated  through  the  layer 
of  silver  sulphate,  reducing  it  to  metal  and  becoming  converted  to 
ferric  sulphate,  and,  passing  through  the  false  bottom,  ran  off*  by  a 
stopcock  close  to  the  true  bottom  of  the  tank.  The  solution  that 
escaped  first  contained  the  copper,  and  was  therefore  blue ;  it  was  run 
into  a  special  lead-lined  tank.  As  soon  as  the  solution  was  free  from 
copper,  as  indicated  by  its  brown  colour,  it  was  run  into  a  tank  lined 
with  lead,  18  feet  4  inches  long,  9  feet  2  inches  wide,  and  3  feet  deepi 
As  soon  as  the  colour  of  the  escaping  solution  changed  to  green 
the  greater  part  of  the  silver  sulphate  had  been  reduced,  and  the 
supply  of  ferrous  sulphate  solution  was  stopped.     The  entire  process 

^  Op,  cit.  p.  776. 
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lasted  4  to  5  hours,  and  the  mass  had  to  be  stirred  from  time  to  time 
in  order  to  expose  fresh  surfaces  of  the  silver  sulphate  to  the  ferrous 
sulphate  solution.  The  quantity  of  this  latter  used  was  7*9  gallons 
to  100  ounces  of  silver.  The  solutions  escaping  contained  a  small 
amount  of  silver  sulphate,  about  7^  per  cent,  on  the  average.  The 
silver  was  precipitated  from  them  in  the  above-mentioned  tanks,  by 
means  of  copper  from  the  blue  solution  and  by  means  of  iron  from 
the  brown. 

The  precipitated  silver  amounted  to  90  per  cent,  of  the  total  silver 
present,  but  it  still  retained  a  small  quantity  of  sulphate  of  silver. 
To  reduce  the  latter,  the  silver  was  transferred  to  a  tank  lined  with 
lead,  4  feet  long,  3  feet  wide,  and  3  feet  deep,  provided  with  a  false 
bottom  and  a  filter ;  it  was  arranged  in  layers  10  inches  deep,  between 
which  were  copper  plates,  and  was  allowed  to  stand  in  hot  water  over- 
night. The  hot  water  dissolved  the  sulphate  of  silver  which  was 
reduced  by  the  copper. 

The  silver  was  then  washed  with  hot  water  on  a  filter  of  linen, 
dried,  pressed  in  a  hydraulic  press,  heated  to  redness,  and  melted  in 
blacklead  crucibles  ;  it  was  998  per  mil  fine. 

The  ferric  sulphate  solution  was  again  reduced  to  ferrous  sulphate 
by  being  boiled  with  scrap  iron.  This  was  used  to  precipitate  fresh 
quantities  of  silver  sulphate. 

The  arrangement  of  these  works  is  shown  in  Figs.  703  and  704.^ 
JR  are  the  dissolving  pots ;  M  the  draught  pipes  for  removing  the 
sulphurous-  vapours  ;  iV  small  lead  chambers,  communicating  with  a 
coke  tower  0 ;  B  are  sulphuric  acid  tanks  ;  U  tanks  to  receive  the 
silver  sulphate  solution ;  a  are  tanks  in  which  the  sulphate  of  silver 
is  crystallised  ;  e  is  a  tank  on  wheels  for  precipitating  the  silver ;  jis 
the  tank  for  the  solution  of  ferrous  sulphate  ;  o  the  tank  in  which  the 
ferric  sulphate  is  reduced  to  the  ferrous  state.  The  latter  solution  is 
drawn  by  the  steam-pump  p  into  the  tank  K,  and  flows  from  the 
latter  into  the  reservoir/ 

The  new  Gutzkow  process^  mentioned  above  was  patented  in 
America  on  December  18th,  1868,  and  in  England  on  June  I7th, 
1869,  and  is  adapted  for  the  treatment  of  alloys  rich  in  copper. 
After  solution  of  the  alloy  in  slightly  diluted  sulphuric  acid,  the 
silver  sulphate  is  crystallised  out  by  dilution  and  cooling,  and  is 
then  reduced  with  charcoal  in  a  tilting  furnace.  The  conditions  for 
the  crystallising  of  the  sulphate  are  determined  tentatively,  samples 
being  withdrawn  from  the  hot  solution.  After  standing  overnight, 
the  mother-liquor  is  pumped  off  into  a  storage  tank  and  the  crystals 

^  Egleston,  op.  cit.  p.  776.  *  T.  K.  Rose,  loc.  cU. 
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are  washed  on  a  filter  with  cold  water.  The  wash  water  is  filtered 
through  cement  copper  to  precipitate  silver,  and  the  copper-beaiing 
liquid  thus  produced  is  led  over  iron  to  recover  the  copper. 


Fia.  708. 
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The  silver  sulphate  is  dried  in  an  iron  pan,  mixed  with  Sperceut. 
of  charcoal,  and  melted  in  a  retort  in  the  furnace.  Silver  sulphate  is 
reduced  by  carbon  at  a  low  red  heat,  carbon  dioxide  and  sulphur 
dioxide  being  evolved.     After  the  silver  has  melted,  the  last  traces  of 


(Oliver  la  cost  in  moulds.     At  Kansas  Oity,  where  this  process  has 
been  used,  the  cost  in  1892  came  to  035  cent,  per  ounce  of  alloy. 


C.  Parting  of  Gold  bv  the  Electrolytic  Method 

Gold  can  be  parted  electrolytically  from  silver  and  from  platinum, 
silver  being  deposited  on  the  cathode  in  the  first  case  and  gold 
in  the  second.  The  methods  which  have  been  developed  and  put  into 
practice  to  meet  these  two  cases  will  now  be  described. 

The  Farting  of  Silver  and  Gold 

When  a  highly  diluted  solution  of  silver  nitrate  is  electrolysed 
between  anodes  of  auriferous  gold  and  cathodes  of  silver,  the  silver 
is  deposited  at  the  cathode,  whilst  the  gold  remains  in  a  pulverulent 
form  at  the  anode,  provided  that  a  current  of  suitable  strength  is 
used. 

By  enveloping  the  anode  in  a  cotton  bag  the  gold  can  be  collected 
in  the  latter.  The  solution  of  the  anode  takes  a  comparatively  short 
time.  The  silver  so  obtained  is  free  from  gold,  whilst  the  gold  can 
be  freed  by  boiling  with  nitric  acid  from  the  small  quantity  of  silver 
which  it  still  retains,  and  can  be  brought  to  a  fineness  of  over  999 
per  mil. 

If  the  bullion  is  impure,  it  must  be  refined  before  electrolysis, 
and  brought  to  a  fineness  of  at  least  950  per  mil.  A  large  proportion  of 
copper  should  be  more  particularly  avoided,  because  it  is  precipitated 
with  the  silver  at  the  cathode. 

Electrolytic  parting  of  gold  and  silver,  which  depends  on  the 
principles  above  enunciated,  was  first  introduced  by  Moebius  in  the 
'eighties  in  Mexico,  later  in  Pittsburg  and  St.  Louis,  and  a  few 
years  ago  in  the  parting  establishment  at  Frankfort-on-the-Maine, 
and  has  shown  itself  capable  not  only  of  holding  its  own,  but  of 
displacing  at  these  works  the  method  of  parting  by  sulphuric 
acid. 

It  can  be  used  on  silver  containing  02  of  gold  per  mil ;  and,  apart 
from  its  greater  cheapness,  has  the  advantage,  compared  with  refining, 
that  no  injurious  vapours  are  evolved.  The  parting  is  moreover 
complete  in  48  hours,  and  the  losses  of  silver  are  less. 

During  electrolysis  the  silver  separates  out  in  crystals,  which 
are  apt  to  cause  short  circuiting.  To  avoid  this,  Moebius  uses 
scraping   arrangements,   movable    where    the   cathodes    are    hung 
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rigid,  or  fixed,  in  the  newest  apparatus,  where  the  cathodes  are 
movable.  The  older  apparatus  of  Uoebius  is  represented  in  Figs. 
705  to  709. » 

The  vats  which  hold  the  electrolyte  are  made  of  pitch  pine 
tarred  inside,  and  are  12  feet  3  inches  long  and  2  feet  wide  inside. 
They  are  divided  into  7  compartments  in  which  3  anodes  and  4 
cathodes  are  hung,  and  under  each  electrode  is  placed  a  box  with 
linen  bottom  for  the  reception  of  the  silver  precipitate.     Wooden 


scrapers  move  to  and  fro  on  frames  resting  on  the  edges  of  the  vats, 
preventing  by  their  motion  the  undue  growth  of  silver  crystals,  and 
effecting  the  circulation  of  the  liquor. 

The  anodes  x  are  hung  by  the  hooks  y  from  the  metal  frame  c 

This  frame  is  connected  with  the  positive  leads  a  at  one  end,  and  is 

insulated  from  the  negative  leads  t  at  the  other  end  by  the  insulation 

u.     Tho  anodes  are  made  of  Blicksilber  from  }  to  f  inch  thick,  and 

'  Borcbera,  EtekLrDrnttaUvryit,  p.  229. 


are  wrapped  in  bags  of  filter  cloth  v  to  retain  the  gold  left  after 
electrolysis.  These  bags  are  stretched  on  the  frame  z,  which  is 
fastened  to  the  wooden  stund  w.     The  cathodes  k  are  made  of  rolled 


silver  sheets  soldered  to  horizontal  copper  bars  which  are  fitted  with 
terminal  screws.  One  of  these  screws  on  each  bar  is  insulated, 
allowing  thereby  connection  with  the  positive  leads  for  the  sake  of 
maintaining  the  cathode  in  position.     The  leads  s  ( + )  and  ^  ( — )  are 
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made  of  copper,  brass,  or  bronze  rods.  The  various  compartmonts  are 
connected  in  series,  as  shown  in  Fig,  709.  The  frame  n  carries  the 
wooden  scrapers  m,  two  of  which  work  on  each  side  of  the  cathode. 
This  frame  can  be  moved  to  and  fro  by  means  of  pulleys,  on  the  guides 


0,  which  in  their  turn  rest  on  the  cross-pieces  p.  All  the  parts  sus- 
pended in  the  vat  are  fastened  to  the  same  frame,  so  that  they  may 
be  lifted  out  together.  The  collecting  box  q  for  the  silver  slimes  is 
hung  from  the  frame.  At  the  bottom  is  a  wooden  grate  covered  with 
cloth  for  the  reception  of  silver  crystals,  forming  a  filter,  which  can 
be  readily  lifted  out  of  the  vat. 

The  new  apparatus  of  Moebius  with  movable  cathodes  is  shown  in 
Figs.  710  to  712. '     The  cathode  a  is  an  endless  band  of  sheet  silver 
'  Borchen,  op.  (il.  p.  ^4. 
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running  on  the  rollers  J,  b  and  c,  c.  The  lieposited  silver  falls  on  to  the 
carrying  belt  g,  carried  by  the  rollers/,  /,  and  is  carried  thence  to  the 
shoot  k  and  into  the  vessel  k.  The  motion  is  supplied  by  the  driving 
chain  r,  s,  and  the  belt  pulley  g.  The  anodes  t  rest  in  the  frames  v, 
which   stand   on   filter  cloth    or  porous   earthenware.      They    are 


^^ 


connected  to  the  positive  leads  w  by  copper  wires  a-,  which  are  fitted 
with  platinum  caps  y,  and  are  shielded  from  the  electrolyte  by  rubber 
tubing  z.  The  cathodes  are  connected  to  the  negative  leads  /  by  the 
brush  m. 

A  simpler  form  of  apparatus  by  Moebius  and  Nebel  is  shown  in 
Fig.  713.'     The  cathode  is  an  endless  silver  band  c,  c',  which  traverses 
'  Jahrhueh  d.  Eleldnxhemie,  iv.  p.  282. 
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the  length  of  the  vat.  The  deposited  silver  is  brushed  off  at  T  and 
falls  into  a  collecting  box.  To  hinder  the  silver  from  clinging  too 
tenaciously  to  the  cathode,  the  latter  is  oiled  at  U  outside  the  vat. 
The  anodes  are  at  S. 

An  apparatus  without  driving  contrivances,  designed  by  Balbach,^ 
is  shown  in  Figs.  714  and  715. 

A  is  the  vat,  which  is  lined  with  the  metal  to  be  deposited  and 
which  serves  as  the  cathode.     The  vat,  as  seen  from  the  diagram,  ia 


shallow  and  has  a  sloping  side  so  that  the  deposit  may  be  easily 
removed  by  hand.  The  anodes  are  formed  of  two  eross-rows  of  bars 
S,  resting  on  frames  (7  covered  with  cloth,  the  frames  being  contained 
in  boxes  B  supported  on  the  grid  £^  A  contact-maker  D,  of  the 
same  mctai  as  the  anode,  rests  on  the  bars  and  serves  for  connection 
with  the  positive  leads.  The  edge  of  the  sloping  vat  side  is  connect«l 
with  the  negative  leads.  The  deposited  silver  is  removed  when 
■  U.S.A.  patent  No.  ri8S,521 ;  Eng.  patent  19,036,  1897.     Ibii/. 
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necessary  from  the  bottom  of  the  vat,  and  the  electrolyte  is  kept 
agitated  by  some  contrivance  during  the  electrolysis. 

In  cases  of  electrolytic  gold  parting,  the  electrolyte  is  either  weak 
acidified  silver  or  copper  nitrate,  or  very  weak  nitric  acid.  High 
current  densities,  over  250  amperes  per  square  yard,  may  be  employed 
so  long  as  there  is  but  little  copper  in  solution.  If  the  copper 
content  increases  by  solution  of  the  anode,  more  nitric  acid  must  be 
added  to  the  electrolyte,  and  the  current  density  must  be  reduced 
to  170  amperes  per  square  yard.  The  electromotive  force  for  each 
bath  is  1*4  to  1*5  volts. 

According  to  Borchers  there  would  be  dissolved  and  deposited  in 
each  of  the  compartments  a,  b,  c,  d,  e,  represented  in  the  figures, 
47  lbs.  of  silver  in  36  hours,  with  a  current  strength  of  150  amperes  and 
an  active  cathode  area  of  f  yard.  If  anodes  were  taken  weighing 
3  J  lbs.  and  3  rows  of  5  each  were  hung  in  the  vat,  the  whole  of  the 
silver  would  be  dissolved  and  deposited  at  the  cathode  under  the 
same  conditions.  Notwithstanding  the  high  current  densities  arising 
from  the  good  conductivity  of  electrodes  and  electrolytes,  the  heating 
eflfect  is  small  owing  to  the  good  circulation  produced  by  the  scraping 
and  stirring  apparatus. 

At  St.  Louis,  where  the  author  saw  the  electrolytic  method  in 
operation  at  the  works  of  the  St.  Louis  Smelting  and  Refining  Com- 
pany, which  commenced  operations  in  1891,  the  silver  to  be  parted 
contains  five  parts  of  gold  per  mil.  It  is  cast  into  anode  plates 
10  inches  long,  8  inches  wide  and  J  inch  thick ;  these  plates  are  sus- 
pended, coupled  together  in  pairs,  to  form  an  anode  in  the  baths. 
The  cathode  plates  consist  of  thin  rolled  sheets  of  pure  silver.  The 
electrodes  are  suspended  in  ten  boxes,  made  of  pitch  pine  and  ren- 
dered watertight  with  ozokerite.  Each  of  these  boxes  has  seven 
divisions,  so  that  there  are  formed  seventy  baths  with  four  pairs  of 
electrodes  in  each.  The  difference  of  potential  in  the  bath  is  IJ 
volts,  and  the  current  density  is  33  amperes  to  the  square  foot.  The 
current  is  furnished  by  a  dynamo  with  a  strength  of  200  amperes  and 
a  tension  of  100  volts,  manufactured  by  the  United  States  Electric 
Light  Company,  and  consumes  15  h.p.  The  entire  works  are  sup- 
plied by  a  30  h.p.  Westinghousc  engine. 

The  anode  plates  are  enveloped  in  linen  sacks. 

A  scraping  arrangement  is  used,  running  on  rollers  along  the  cover, 
which  destroys  any  short  circuits,  and  at  the  same  time  keeps  the  solu- 
tion in  movement.  The  silver  falls  into  a  wooden  box  set  under  the 
electrodes  of  each  bath,  and  provided  with  a  false  bottom  and  a  filter. 
The  folse  bottom  is  perforated  and  covered  with  linen,  so  that  the 
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silver  is  retained  on  it.     By  a  simple  arrangement  this  box  can  be 
lifted  out  of  the  bath  when  desired. 

At  the  commencement  of  operations  the  electrolyte  consists  of 
water  with  yV  P^^^  cent,  of  nitric  acid,  and  subsequently  of  a  very 
dilute  solution  of  silver  nitrate. 

The  anode  plates  are  consumed  in  36  to  40  hours.  The  gold 
collects  in  the  bags,  the  silver  in  the  filter  boxes.  The  former  is 
removed  once  a  week,  the  latter  every  evening,  by  lifting  the  boxes 
out  and  emptying  them  one  after  another  into  a  box  provided  with  a 
sieve,  which  is  pushed  along  from  bath  to  bath. 

The  gold  mud  still  contains  silver  and  is  therefore  boiled  with 
nitric  acid,  washed,  dried,  and  melted  with  sand  or  borax.  The  gold 
so  obtained  is  999  per  mil  fine.  The  nitrate  of  silver  thus  produced 
and  the  washings  of  the  gold  are  added  to  the  electrolyte  in  the 
bath. 

The  crystals  of  silver  are  washed  in  the  box  in  which  they  are 
collected,  which  is  also  furnished  with  a  filter,  then  dried  by  means 
of  air  drawn  through  it  and  melted.  The  silver  is  9995  per  mil  fine, 
and  is  free  from  gold. 

With  the  above  installation,  30,000  ounces  of  auriferous  silver  are 
parted  every  24  hours. 

The  silver  treated  at  Pittsburg,  where  the  method  has  been  in 
operation  since  1887,  also  contains  5  parts  of  gold  per  mil.  It  is  cast 
in  closed  moulds  into  plates  10  inches  wide,  16  inches  long,  and  1 J 
inches  thick.  The  arrangement  is  similar  to  that  at  St.  Louis.  The 
anodes  are  consumed  in  48  hours. 

The  gold  mud  is  melted  with  some  silver  and  boiled  with  nitric 
acid  in  stoneware  pots ;  40,000  ounces  can  be  parted  in  24  hours 
with  a  consumption  of  20  h.p.     Natural  gas  is  used  for  firing. 

The  works  of  the  German  Gold  and  Silver  Parting  Establishment 
at  Frankfort-on-the-Maine  is,  according  to  Dr.  Roessler,  intended  for 
parting  32,000  ounces  of  Blicksilber  per  24  hours.  The  dynamo  (on 
the  Schuckert  system)  requires  20  h.p.,  and  is  driven  by  a  25  h.p. 
gas  engine.  It  gives  a  current  of  150  amperes,  with  a  tension  of  100 
volts ;  70  cells  are  in  use,  each  of  which  absorbs  1 J  volts. 

The  anode  plates  are  rectangular,  are  0*4  inch  thick,  and 
weigh  each  48  ounces.  These  plates,  in  sets  of  four  contained  in  linen 
bags,  are  suspended  opposite  each  cathode,  which  is  made  of  rolled 
sheet  silver. 

The  electrolyte  is  a  feebly  acid  solution  of  copper  nitrate  con- 
taining 04  lb.  of  copper  and  0*05  lb.  of  silver  to  the  gallon.  In  36 
hours  the  anodes  are  consumed,  all  except  the  portions  projecting 
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from  the  solution.  When  the  silver  is  rich  in  gold  and  copper,  the 
tension  required  is  markedly  higher  than  in  the  case  of  silver  with 
but  little  gold  and  copper. 

The  silver  is  removed  every  24  hours,  the  gold  every  72  hours, 
from  the  baths.  The  silver  is  in  small  sparkling  crystals,  and  can  be 
melted  direct,  being  then  999  per  mil  fine. 

The  gold  still  contains  silver,  peroxides  of  silver  and  of  lead,  and 
various  other  impurities ;  it  has  accordingly  to  be  refined. 

Details  of  the  new  Moebius  process  as  practised  at  the  refinery 
works  of  the  Globe  Smelter  Co.  at  Denver,  Colorado,  are  given  by 
Malvern  W.  lies  in  the  Mineral  Industry,  1900,  p.  337. 

The  Parting  of  Gold  and  Platinum 

The  North  German  Refinery  in  Hamburg  have  developed  a  method 
for  the  parting  on  a  large  scale  of  gold  from  its  alloys  with  platinum, 
silver  and  copper.  The  anodes  are  made  of  sheets  of  the  impure  gold, 
the  cathodes  of  pure  gold,  and  the  electrolyte  is  a  solution  of  gold 
chloride' mixed  with  excess  of  hydrochloric  acid,  or  of  the  solution  of 
any  salt,  like  sodium  chloride,  which  forms  double  salts  with  gold 
chloride.  The  electrolyte  is  kept  up  to  strength  by  the  occasional 
addition  of  gold  chloride.^ 

In  this  method,  gold  and  most  of  the  other  constituents  of  the 
alloy  go  into  solution,  but  at  the  low  tensions  used,  only  gold  is 
deposited  at  the  cathode.  Although  platinum  would  not  be  dissolved 
by  itself,  yet  when  alloyed  with  gold  it  dissolves.  It  is,  however,  not 
deposited  with  the  gold,  and  it  is  possible  to  concentrate  the  platinum 
in  the  electrolyte.  Palladium  acts  like  platinum.  Silver  separates  out 
at  the  anode  as  chloride,  and  forms  a  sediment  with  the  platinum 
metals  and  part  of  the  anode  gold.  Although  silver  chloride  is 
somewhat  soluble  in  sodium  chloride,  no  silver  is  deposited  at  the 
cathode,  and  the  cathode  gold  is  seldom  under  999*8  per  mil  fine. 

The  peculiar  chemical  reactions  that  take  place  in  this  process, 
necessitating  as  they  do  the  addition  of  salt  and  gold  chloride  to  the 
electrolyte,  need  further  explanation.  In  this  connection  the  published 
papers  of  Wohlwill,  the  inventor  of  this  ingenious  process,  are  of 
fundamental  importance.^ 

When  a  neutral  solution  of  gold  chloride  (AuClg),  or  of  chlorauric 
acid  (HAuCl^),  is  electrolysed  between  gold  electrodes, gold  is  deposited 

1  Imp.  Ger.  pat.  90276,  April  16,  1896.     Additional  patent.  No.  90511,  June  9, 
1896. 

2  ZeUs.  ftir  Elektrockemie,  16,  p.  379;  17,  p.  402  ;  18,  p.  421. 
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at  the  cathode  and  chlorine  is  liberated  at  the  anode.  This  chlorine 
has,  strange  to  say,  no  action  on  the  anode  gold,  but  is  evolved  as 
gas. 

If,  however,  hydrochloric  acid  (even  in  004  per  cent,  solution)  be 
electrolysed  under  the  same  conditions,  chlorine  is  not  liberated,  but 
attacks  the  anode  gold.  A  similar  phenomenon  is  noticed  when  gold 
chloride  solution  after  addition  of  hydrochloric  acid,  salt  or  sal- 
ammoniac  is  electrolysed  and  the  solution  is  kept  up  to  strength. 

This  peculiar  behaviour  of  gold  towards  chlorine  of  different  origin 
is  explicable  on  the  assumption  that  the  anode  gold  is  only  dissolved 
when  there  is  the  possibility  of  its  forming  chlorauric  acid  or  its  salta 
Hittorf  has  shown  that  in  the  electrolysis  of  KAUCI4,  the  anion  is 
AuCl^,  and  the  cation  K,  and  it  is  highly  probable  that  in  bodies  of 
like  constitution  the  gold  will  form  the  complex  ion  AuCl^,  the  anion 
being  the  electropositive  metal  or  radical,  or  hydrogen  in  the  case  of 
HAuCl,. 

Hittorf  regards  the  liberation  of  gold  at  the  cathode  in  the 
electrolysis  of  KAUCI4  as  being  due  to  secondary  reaction  with  the 
potassium,  and  the  same  doubtless  holds  for  the  free  acid,  HAuCI^. 

Hence  the  anode  gold  is  only  soluble  in  the  chloride  liquor  when 
the  conditions  are  present  for  the  formation  of  the  ion,  AUCI4.  To 
apply  this  to  the  particular  case  of  the  hydrochloric  acid  solution  of 
gold  chloride,  we  may  say :  that  the  complete  solution  of  the  anode 
gold  is  only  possible  when  the  quantity  of  hydrochloric  acid  present 
in  the  neighbourhood  is  at  least  sufficient  to  combine  with  the  chlorine 
which  would  be  evolved  were  there  no  hydrochloric  acid  present. 
The  equation  expressing  this  reaction  is  : — 

Au  +  Cls+HCl  =  HAuCV 

If  weak  solutions  and  low  current  densities  were  employed,  the  chlorine 
would,  of  course,  be  replaced  by  its  equivalent  of  oxygen.  If  too  little 
hydrochloric  acid  be  present,  part  of  the  chlorine  is  evolved  without 
attacking  the  anode ;  and  if  the  electrolysis  be  continued  until  the 
area  of  the  anode  becomes  small  and  the  current  strength  high,  the 
same  thing  happens,  unless  more  hydrochloric  acid  be  added.  Thus 
it  is  possible  to  increase  the  current  density  by  the  simple  addition 
of  hydrochloric  acid,  so  that  even  on  a  large  scale  no  chlorine  shall 
be  evolved.  Warming  the  solution  has  a  similar  effect,  and  the 
combination  of  the  two  allows  of  the  employment  of  high  current 
density  without  the  expenditure  of  too  much  acid. 

A  mixture  of  hydrochloric  acid  and  gold  chloride  behaves  like  the 
acid  itself.     The  function  of  the  acid  here  is  different  fix)m  that  in 
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ordinary  electrolytic  processes,  where  it  serves  only  to  increase  the 
conductivity. 

In  Wohlwill's  experiments  it  was  found  that  with  suitable  concen- 
tration and  temperature  of  electrolyte,  the  current  density  could  be 
raised  to  at  least  2,500  amperes  per  square  yard,  without  the  regular 
course  of  the  electrolysis  being  disturbed.  The  concentration  of  the  acid 
was  80c.a  of  acid  of  specific  gravity,  119  in  1  litre.  A  current  density  of 
800  amperes  per  square  yard,  which  is  sufficient  for  ordinary  working, 
was  found  capable  of  treating  a  9- lb.  anode  plate  in  15  hours  at 
a  current  strength  of  308  amperes ;  that  is  to  say,  any  number  of 
such  plates  in  series  would  be  dissolved  and  their  gold  deposited  from 
the  solution  in  the  same  time,  using  a  current  of  the  same  strength. 

Gold  separates  from  the  acidified  solution  in  coarsely  crystalline 
crusts,  which  cling  very  firmly  to  the  cathodes  even  after  prolonged 
growth.  For  any  given  current  density,  the  higher  the  gold  content  of 
the  electrolyte  the  more  crystalline  and  coherent  is  the  deposit ;  at  very 
high  densities  it  becomes  coarse  and  somewhat  Mable.  With  an 
electrolyte  containing  30  grams  per  litre  of  gold,  a  good  firm  deposit  is 
obtained.  As  the  crystals  show  no  tendency  to  great  local  develop- 
ment, even  with  high  densities  of  current,  the  electrodes  can  be  placed 
near  together  without  risk  of  short  circuiting.  Thus  a  plant  at  the 
Frankfort  parting  works  which  parts  165  lbs.  of  gold  a  day  only 
covers  an  area  of  65  square  feet. 

Contrasted  with  the  aqua  regia  and  ferrous  chloride  methods  for 
parting  gold,  the  electrolytic  method  gains  in  that  little  acid  is  needed, 
the  only  loss  being  due  to  the  formation  of  chlorides  of  silver  and  other 
impurities,  and  gaseous  chlorine  is  not  produced.  The  consumption 
of  electrical  power  is  small,  for  with  a  current  of  1,000  amperes  the 
potential  is  only  1  volt.  A  current  of  50  amperes,  which  is  able  to 
deposit  6^  lbs.  of  gold  in  24  hours,  consumes  no  more  energy  than  is 
required  to  keep  a  16-candle  glow  lamp  going  for  the  same  time. 

About  ^V  of  the  weight  of  the  cathode  deposit  is  formed  at  the  anode, 
due  not,  or  only  to  a  slight  extent,  to  crumbling,  but  to  the  decompo- 
sition of  aurous  chloride,  formed  by  secondary  reaction,  into  gold  and 
auric  chloride.  This  decomposition  is  not  completed  at  the  anode. 
It  extends  throughout  the  electrode  even  to  the  cathode,  upon  which 
monovalent  gold  ions  are  deposited  in  consequence.  For  this  reason 
more  than  an  equivalent  of  gold  is  liberated  at  the  cathode  ;  the  excess, 
however,  is  not  constant. 

The  occurrence  of  aurous  chloride  at  the  anode  may  be  regarded 
as  due  to  the  formation  of  a  certain  number  of  monovalent  gold  ions 
(the  greater  number  are,  of  course,  trivalent)  in  solution,  which  are 
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transfoniicd  into  non-ionised  gold  and  the  radical  AUCI4.  Wohiwill 
has  established  the  fact,  by  a  great  number  of  experiments,  that  the 
number  of  monovalent  ions  decreases  with  increasing  cuirent  density. 
Thus  with  high  densities  the  quantity  of  anode  slimes,  which  require 
further  treatment,  decreases,  and  vice  versd.  With  decreasing  density 
a  point  would  thus  be  reached  at  which  no  trivalent  ions  were  formed. 
With  hot  acidified  electrolyte  and  a  current  density  of  1,250  amperes 
per  square  yard,  practically  all  the  ions  of  gold  are  trivalent,  whilst 
the  proportion  of  trivalent  to  monovalent  ions  in  a  similar  solution, 
electrolysed  at  a  density  of  less  than  1  ampere  per  square  yard,  is 
27*5  to  72*5.  The  density  of  current  which  would  produce  mono- 
valent ions  only  is  below  that  required  to  bring  about  electrolytic 
separation.  The  existence  of  these  two  ions  is  the  cause  of  the 
discrepancies  noticed  in  determining  the  electro-chemical  equivalent 
of  gold. 

The  Refining  of  Gold 

Gold  obtained  in  the  way  described  above  is  generally  con- 
taminated with  lead,  antimony,  bismuth  and  other  metals  of  high 
atomic  weight,  which  exercise  a  baneful  effect  on  the  physical 
properties  of  the  metal.  These  elements  are  removed  by  parting ; 
gold  which  has  not  been  parted  must  be  refined,  and  that  may  be 
done  in  the  dry  or  wet  way  or  electro-metallurgically. 

Refining  in  the  dry  way  consists  in  melting  with  fluxes  and  reagents 
to  remove  the  impurities.  The  melting  ^  is  performed  in  crucibles 
of  blacklead  or  fireclay,  or  when  saltpetre  is  used  in  blacklead 
crucibles  lined  with  clay.  In  small  works,  the  crucibles  hold  about 
26  lbs.,  but  in  mints  and  refining  works  the  capacity  may  rise  to 
400  lbs.  Before  using,  the  crucibles  are  dried  and  slowly  wanned  on 
the  grate  of  the  furnace.  When  red  hot,  borax  is  put  in,  and  the 
gold  is  added  little  by  little.  The  first  charge  should  not  fill  more 
than  f  of  the  crucible.  When  this  is  molten  another  charge  is 
added,  then  a  third  and  so  on  until  the  crucible  is  full. 

If  the  gold  be  fairly  pure  to  begin  with,  one  charge  of  soda  and 
nitre  is  enough.  The  nitre  oxidises  the  base  metals,  which  are  then 
slagged  off  by  the  borax.  At  the  end  of  the  reaction  the  whole 
contents  are  poured.  If  the  gold  contains  many  impurities,  these  are 
only  got  rid  of  by  repeated  treatment  with  borax  and  saltpetre,  the 
slags  being  tapped  after  each  charge  has  been  thoroughly  melted. 

Molten  saltpetre  musw  not  be  allowed  to  come  into  contact  with 
the   graphite   of  the  crucibles,   otherwise   the   graphite    is   rapidly 

>  T.  K.  Rose,  op.  cit.  p.  336. 
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attacked  ;  on  the  other  hand,  borax  slags  corrode  clay  crucibles.  To 
overcome  these  objections  graphite  crucibles  are  used,  and  the  surface 
of  the  metal  is  covered  with  boneash,  which  is  thickest  around  the 
sides  of  the  cruciblea  Saltpetre  is  added  in  small  quantities  through 
a  hole  in  the  lid,  the  molten  oxides  are  absorbed  by  the  boneash  and 
hindered  thereby  from  attacking  the  crucible.  The  slags  must  not 
be  too  fluid,  otherwise  they  are  hard  to  remove,  nor  must  they  be  too 
stifif  or  they  retain  grains  of  gold.  If  too  stifif  they  are  brought  to 
a  pasty  consistency  by  the  addition  of  borax. 

Lead  is  hard  to  remove  by  saltpetre  alone ;  alternate  charges  of 
saltpetre  and  salammoniac,  however,  effect  its  removal  more  quickly. 
If  this  treatment  &il,  then  a  blast  of  air  on  the  surfi^ce  of  the  metal 
soon  brings  about  oxidation  of  the  lead. 

Sand  is  used  as  a  flux,  especially  when  iron  is  present,  to  form 
liquid  slags  and  to  preserve  the  crucibles  from  the  action  of  the 
metallic  oxides.  Potash  is  added  when  tin  is  present.  Antimony 
and  arsenic  are  readily  removed  in  the  form  of  their  compounds  with 
iron,  when  a  little  saltpetre  is  added  to  the  charge  and  the  whole  is 
briskly  stirred  with  an  iron  rod. 

Refined  gold  has  a  greenish  sheen,  and  a  clean  unruflled  surface. 
Oftentimes  small  quantities  of  lead,  antimony,  arsenic  and  bismuth 
remain  behind  after  refining  with  saltpetre,  and  the  gold  is  brittle  in 
consequence.  It  must  then  be  "  toughened  "  before  pouring,  either 
by  addition  of  salammoniac  and  mercuric  chloride,  or  of  copper  oxide, 
or  by  passing  chlorine  through  the  molten  metal. 

In  the  first  method,  ammonium  chloride  is  added  to  slag  off  lead 
and  tin,  the  small  quantities  of  corrosive  sublimate  are  sprinkled  on 
the  surface  of  the  metal  in  order  to  volatilise  zinc,  copper,  antimony 
and  bismuth  as  chlorides.  This  process  is  repeated  until  a  test  assay 
shows  the  right  degree  of  ductility.  The  metal  is  then  covered  with 
charcoal  dust,  stirred  and  poured.  There  is  considerable  loss  of  gold 
by  volatilisation  in  this  process. 

Purification  by  means  of  chlorine  has  been  described  already 
under  Miller's  process. 

Copper  oxide  is  but  seldom  used  in  refining  gold.  By  stirring 
with  the  impure  gold  it  oxidises  antimony,  arsenic  and  bismuth,  and 
the  oxides  are  either  volatilised  or  slagged  off  by  borax.  The 
crucibles  are  attacked  rapidly  and  the  gold  contains  copper  from  the 
reduction  of  the  oxide. 

The  gold  losses  in  refining  came  from  volatilisation  (as  much  as 
0085  per  cent,  when  sublimate  is  used),  and  from  the  retention  of 
the  metal  by  the  slags,  tools  and  crucibles.     Ordinarily  the  total  loss 
VOL.  I  4  a 
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works  out  to  0015  to  0017  per  cent ,  but  part  of  this  can  be  recovered 
by  the  used  of  flue-dust  chambers  and  by  working  up  the  slags  and 
crucibles. 

Refining  in  the  wet  way  by  treatment  with  aqua  regia  has  been 
described  already.  The  silver  content  of  the  gold  must  not  exceed 
5  per  cent.,  otherwise  some  gold  escapes  solution.  Gold  prepared  by 
the  Plattner  process  contains  only  traces  of  silver,  whilst  that  obtained 
by  amalgamation  contains  from  8  to  11  per  cent.  Cyanide  gold  often 
contains  more  than  5  per  cent,  of  silver.  By  melting  together  gold 
obtained  by  the  three  processes  an  alloy  suitable  for  treatment  in 
the  wet  way  can  be  prepared. 

Refining  by  electrolytic  methods  has  been  described  already  under 
the  head  of  Gold  Parting. 
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Abrudbanyai     native     gold     in,     927 ; 

amalgamation  in  mortars,  960 
Africa,  copper  pyrites,  15 ;  localities  for 

Siena,   379 ;    native  gold  in,  927 ; 
acArthur-Forrest       process       in, 
1010  H  »€q. 
Aggerthal,  copper  works  at,  205 
Agordo,  Venetian  Alps,  copper  pyrites 
from,  15  ;  copper  Kernel  roasting  in, 
38  ;    heap  roastine  of  copper  fines, 
40 ;     Styrian    stau,    46 ;     German 
process  tor  copper  smelting  at,  157  ; 
imparities  in  refined  copper  of,  247  ; 
heap-roasting  of  copper  pyrites  for 
sulphate,  290 ;  solution  of  copper  as 
sulphate,     314 ;     precipitation     of 
copper  from  cupric  sulphate,  320 ; 
composition  of  cement  copper,  324 
Aguas  Calientes,  Mexico,  converter  at, 
219,    222 ;     enrichment    of    copper 
mattes  in  converter,  228,  231 
Aguilas,  Spain,  lead  smelting  at,  502 
Alabama,  copper  pyrites  in,  15 
Alaska,  Spence  furnace  in,  89 ;  Hunting- 
ton gold -amalgamation    mills    used 
in,    944 ;    stamp-amalsamation    in, 
956  ;  calcination  of  gold  ore,  979 
Albeilville,   Savoy,   French    process    of 

lead  extraction  at,  407 
Alexisbad,  lead  smelting  at,  521  ;  refining 

of  Blicksilber  at,  726 
Algeria,  galena  from,  379 
Allagir  £isin,  Russia,  galena  from,  379 
Allawerdi,  Transcaucasia,  stall-roasting 

in,  41  ;  krummofen  at,  127 
AUemant,  France,  amalgam  at,  589 
Almeria,  Spain,  treatment  of  lead  matte 
in,  492,   502 ;    smelting  of  oxidised 
lead  ores  in,  522 
Alport,  Devon,   English  process  of  lead 

extraction  at,  399 
Altai  Mountains,  copper  pyrites  from,  15  ; 
galena  from,  379 ;  Siberian  hearth 
used  in,  379;  cerussite  from,  535; 
stromeyerite  from,  589 ;  horn  silver 
in,  591  ;  production  of  work-lead 
from  silver  ores,  602  ;  leading  silver 
matte,  608  ;  Augustin  process,  845  ; 


compounds  of  gold  with  tellurium, 
927. 

Altenau,  calcination  of  copper  matte, 
147 ;  production  of  coarse  copper  at, 
152  ;  composition  of  copper  slags  at, 
154 ;  German  process  of  copper 
smelting  at,  155 ;  bed  of  refinms 
furnace  at,  245 ;  electrolytic  method 
of  copper  extraction,  342  ;  compo- 
sition of  slags  from  smelting  works 
at,  451  ;  Raschette  furnace  at,  457  ; 
treatment  of  lead  matte  at,  492 ; 
lead  smelting  at,  498,  499 ;  smelting 
lead  matte  at,  516;  combined 
roasting  and  reduction  and  iron 
reduction  process  at,  521 ;  com- 
position of  lead  before  and  after 
refining  at,  552,  553 ;  production  of 
silver-lead  alloys  in  lead  baths,  596  ; 
production  of  work- lead  alloys  from 
anode  slimes,  624 ;  liquation  of  zinc 
scums,  662  ;  treatment  of  desilver- 
ised  lead,  663 ;  oxidation  of  zinc 
scums,  677  ;  composition  of  Abstrich, 
710;  cupellation  of  argentiferous 
lead,  712  ;  silver  extraction  process, 
733-738 

Amador  Co.,  California,  calcination  of 
gold  ores  in,  979 

America,  North,  copper  pyrites  in,  15  ; 
chalcocite  in,  15;  copper  heap 
roasting,  36 ;  Ropp  fnmace  in,  89 ; 
shaft  furnaces  for  smelting  copper 
ores,  115 ;  blowers  for  shaft  furnaces 
in,  117;  furnace  for  production  of 
black  copper  and  rich  matte,  132, 
133 ;  water- jacketed  furnaces  in, 
135,  137  ;  costs  of  smelting  copper 
ores  in,  143 ;  calcination  of  copper 
mattes  in  heaps,  146,  in  stalls,  146 ; 
composition  of  coarse  copper  from 
works  in,  150 ;  converters  in,  219  ; 
furnaces  for  refining  copper  in,  249  ; 
high  tension  dynamos  used  for 
copper  refining  in,  349 ;  electrolytic 
production  of  copper  at  various 
works  in,  350 ;  localities  for  galena 
in,  379  ;  Carinthian  process  in,  392  ; 
hearths  for  air  reduction  of  lead  in, 
410-414  ;  furnaces  for  roasting  lead 
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ores  in,  436 ;  Ropp  furnace  in,  439  ; 
blast  furnace  for  lead  smelting  in, 
457,  459;  Arents  tap  in,  462;  slag 
pots  in,  487,  488 ;  roasting  leaa 
matte  in  kilns  and  reverberatoriee, 
491  ;  iron  reduction  combined  with 
the  smelting  of  oxidised  ores  in, 
521,  522 ;  smelting  of  lead  carbonate 
523  ;  refining  furnaces  in,  557,  559  ; 
casting  refined  lead  in,  565  ;  moulds 
for  lead  in,  568 ;  zinc  desilverising 
process  in,  645,  656;  treatment  of 
zinc  scums  in,  663  ;  modified  English 
cupellation  furnace  in,  716,  723; 
barrel  amalgamation  process  in,  830  ; 
distillation  of  silver  amalgam  in, 
845;  Patera  process  in,  8^;  Kiss 
process  in,  890  ;  native  gold  in,  927  ; 
gold  washing  in,  9&;  arrastra 
amalgamation  in,  942 ;  retorts  for 
distillation  of  gold  amalffam  in, 
973 ;  extraction  of  gold  by  oromine 
in,  1007;  MacArthur-Forrest  process 
in,  1024 

America,  South,  gold  prospectors'  pans 
used  in,  930 ;  Huntington  mills  in, 
944 

Amur  R.,  native  gold  in,  927 

Anaconda,  Butte  City,  chalcocite  from, 
15  ;  Briickner  furnace  used  at,  103 ; 
electrolytic  methods  of  copper  ex- 
traction, 342  ;  of  silver  extraction, 
913 

Andalucia,  galena  from,  379 

Andreasberg,  see  St.  Andreasberg 

Ansonia,  Conn.,  Schmidt's  electrolytic 
process  of  copper  extraction,  366 

Antofagasta,  Krohnke  process  at,  756 

Arany  Idka,  Hungary,  oarrel  amalgama- 
tion at,  830 

Argentine,  sulphuric  acid  extraction  of 
silver  at,  740^742 

Argo,  Colorado,  the  O'Harra  furnace  at, 
80 ;  Pearce's  furnace  at,  98  ;  English 
process  of  copper  smelting  at,  206 ; 
Ziervogel  process  at,  901 ;  secret 
process  of  gold  parting  at,  1046 

Arizona,  malachite  from,  14;  azurite 
from,  15 ;  chalcocite  from,  15 ; 
smelting  of  oxidised  copper  ores  in, 
234  ;  native  gold  in,  927  ;  arrastra 
amalgamation,  942 ;  Huntington 
mills  used  in,  944 

Asia,  localities  for  galena,  379;  for 
native  gold  in,  927 

Aspen,  Colorado,  Stetefeldt  furnaces 
used  at,  826 

Astfeld,  Hartz  Mts.,  heap  roastine  of 
lead  ores  at,  424  ;  treatment  of  lead 
matte,  492 

Atacama,  Krohnke  process  in,  756 

Atvidaborg,  Sweden,  copper  pyrites 
from,  15 ;  copper  stall  roasting  in, 
44 ;  charcoal  lumaccs  in,  115 ;  Sulu 
furnace  used  at,   127  ;   composition 


of  coarse  copper  from,  150  ;  German 
process  of  copper  smelting  at,  157  ; 
impurities  in  refined  copper  from, 
24o ;  Siemens  gas-furnace  for  copper 
refining  at,  2^-255;  production  of 
chloride  of  copper  iir  the  dry  way, 
298 ;  treatment  of  cement  copper  at, 
326 ;  precipitation  of  silver  with 
sodium  iodide  at,  898 

Aussig,  Schafiner's  improved  Mal^tra 
furnace  at,  63  ;  production  of  copper 
chloride  in  the  dry  way,  298 

Australia,  native  copper  in,  14 ;  copper 
pyrites  in,  15  ;  chalcocite  in,  15 ; 
Ropp  furnace  in,  89 ;  blowers  for 
shaft  furnaces  used  in,  117;  im- 
purities in  refined  copper  from, 
267 ;  localities  for  galena  and  angle- 
site,  379 ;  Ropp  furnace  for  roasting 
lead  ores,  439 ;  native  silver  in, 
588 ;  horn  silver  and  bromite  in, 
590 ;  emboli te  and  iodite  in,  591 ; 
largest  gold  nugget  from,  927 ; 
compounds  of  gold  and  tellurium  in, 
927  ;  gold  prospectors'  pans  used  in 
930 ;  dredging  for  gold  in,  941  ; 
Huntington  miUs  used  in,  944 ; 
stamp-mill  amalgamation  in,  956 

Austro-Hungary,  copper  pyrites  in,  15 ; 
localities  for  galiena,  378 

Ava,  India,  galena  from,  379 


B 


Badajoz,  galena  from,  379 

Baden,  dyscrasite  from,  589 

Bagillt,    Flintshire,    smelting    of     lead 

sulphate   at,    528 ;    distillation    of 

zinc  scums  at,  673 
Balan,   Siebenbilrgen,   stall  roasting  of 

copper  pyrites  for  sulphate,  292 
Balbach,   Kewark,  distillation    of    zinc 

scums   at,   665;    gold  refining    at, 

1061  et  9eq. 
Ballarat,  largest  nugget  from,  927 
Baltimore,  ^ectrolytic  method  of  copper 

extraction,  342,  360 ;  Cabell- White- 
head process  at,  913 
Banate,  the,  azurite  from,  15 
Barnaul,    Pavlov's   works    at,    produc- 
tion of  work-lead  from  silver  ores, 

605 
Bashkires,  the,  native  gold  in,  927 
Batopilas,    Mexico,    native    silver    at, 

588 ;    silver  extraction  process  at, 

749 
Belgium,  localities  for  galena,  379 
Bendigo,  native  gold  from,  927 
Bensberg,  galena  from,  378 
Beresov,  native  gold  in,  927 
B<^rnaul,   Siberia,  Augustin  process  at, 

848 
Biache  St.  Wast,  electrolytic  eztractioa 

of  copper,  342 
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Birmingham,  electrol3rtic  extraction  of 
copper,  342 

Bischofsnofen,  copper  pyrites  from,  15 

Bisersk,  native  sold  at,  927 

Bleiberg,  Garinthian  process  of  lead  ex- 
traction, 987-391 

Bohemia,  galena  from,  378 ;  silver  glance 
in,  589  ;  miargyrite  in,  589 

Boicza,  Laszlo  amalgamators  used  at, 
963 

Bolivia,  native  silver  in,  588 ;  amaleam 
found  in,  589  ;  dyscrasite  and  silver 
glance  in,  589 ;  horn  silver  in,  590 ; 
Rrohnke  process  in,  752 ;  Patio 
process  in,  782 

Boston,  dead  roasting  of  copper  matte  in 
stalls,  146 ;  electrolytic  method  of 
copper  extraction,  342 

Boalder  County,  compounds  of  gold  and 
tellurium,  927 

Borisa,  Mailand,  MunktelFs  process  at, 
988 

Brad,  native  gold  in,  927  ;  Quickmills  in, 
960;  Munktells  process  of  gold 
chlorination,  988 

Bratsberg,  Norway,  converters  used  at, 
232 

Braubaoh,  galena  from,  378 ;  composi- 
tion of  slag  from  lead  smelting  works 
at,  451 ;  treatment  of  lead  matte 
at,  492;  distillation  of  zinc  scums, 
670 

Brazil,  galena  from,  379 ;  motive  gold  in, 
927 

Bridgeport,  Connecticut,  electrolytic 
method  of  copper  extraction,  342 

British  Columbia,  native  gold  in,  927 

Briton  Ferry,  S.  Wales,  calcination  of 
white  metal,  193 ;  direct  process  of 
copper  extraction,  197 

Brixlegg,  Tyrol,  copper  pyrites,  15 ; 
circular  shaft  furnaces  for  smelting 
calcined  copper  ores,  116,  129; 
calcination  of  copper  mattes  in 
reverberatory  furnaces,  148  ;  smelt- 
ing of  calcined  copper  matter,  152  ; 
smelting  at,  156 ;  Anglo-German 
process  at,  212  ;  electrolytic  method 
of  copper  extraction,  342 

Broken  Hill,  N.S.  Wales,  galena  from 
278  ;  cerussite,  379 ;  lead  ores 
smelted  at  Port  Adelaide,  503 ; 
smelting  lead  carbonate  at,  525 ; 
furnace  used,  526.  527 ;  smelting  of 
mixed  ores  at,  569 ;  native  silver, 
588  ;  horn  silver  and  bromite,  590 ; 
embolite,  591 ;  iodite,  591  ;  produc- 
tion of  work  lead  alloys,  598  ;  liqua- 
tion furnace,  659,  660;  Washol 
process,  810;  extraction  of  silver 
chloride  with  sodium  thiosulphate, 
863 

Brooklyn,  Herreshofs  improved  shaft 
furnaces  at,  117  ;  electrolytic  method 
of  copper  extraction,  342 


Brownhill,  Goepner-Diehl  process  at, 
1035 

Buena  Vista,  Colorado,  pyritic  copper 
smeltine  at,  159 

Bunker  HiU,  California,  calcination  of 
gold  ores  at,  980 

Burra-Burra,  Australia,  native  copper 
and  malachite  from,  14  ;  impurities 
in  refined  copper,  267 

Butte,  Montana,  improved  Spence  fur- 
nace at,  67  ;  roasting  copper  ores  in 
reverberatory  furnace,  77  ;  Brown- 
Allen  furnace  used  at,  80 ;  Wethey 
furnace,  91 ;  Pearce  furnace,  97 ; 
copper  content  of  slags  and  mattes 
from,  107 ;  reverberatory  furnace 
for  copper  smelting  at,  179 ;  copper 
smelting  at,  186 ;  converter  copper 
used  for  electrical  refining,  365 

Butzam,  native  gold  at,  927 


California,  galena  from,  379 ;  alluvial 
cold  in,  927 ;  largest  gold  nugget 
from,  927 ;  compounds  of  gold  and 
tellurium  in,  927 ;  gold  prospectors' 
pans  used  in,  930  ;  hydraulic  mining 
in,  935  et  «eq.  ;  dredging  for  gold  in, 
941  ;  arrastra  amalgamation,  942 ; 
Huntington  mills,  944 ;  stamp  mill 
amalgamation,  949  et  seq.  ;  Plattner's 
process  in,  976 ;  calcination  of  gold 
ores  in,  979 ;  chlorination  of  gold 
ores  in,  984 

Call,  treatment  of  lead  matte  at,  492 

Canada,  copper  pyrites  from,  15  ;  heap 
roasting  in,  36 

Canon  City,  Colorado,  Bartlett's  process 
at,  573 

Captain's  Flat,  N.S.  Wales,  pyritic 
copper  smelting  at,  164 

Carinthia,  galena  from,  378  ;  native  gold 
in,  927 

Carolina,  North,  melaconite  in,  14 

Carson  River,  Nevada,  native  gold  at, 
927 

Carthagena,  galena  from,  379 ;  cerussite 
from,  379  ;  Rozan  process  at,  640 

Casarza,  Genoa,  Marchese  process  at, 
337 

Caucasus,  copper  pyrites  from,  15 ; 
copper  heap  roasting  in,  39 

Cerro  de  Pasco,  Patio  process  at,  782 

Cerrogordo,  Chili,  Patera  process  at,  864 

Chanarcillo,  Chili,  dyscrasite  from,  589 

Ch^narcitoe,  Chili,  English  process  of 
copper  smelting  at,  205 

Cheltenham,  Missouri,  refining  of  lead 
at,  564 ;  desilverising  by  zinc 
method,  646  ;  liquation  of  zinc 
scums,  668 

Chessy,  near  Lyons,  azurite  from,  14 ; 
copper  pyrites  from,    15 ;  smelting 
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of  oxidised  and  acid  copper  ores  at, 
234 

Chicago,  electrolytic  method  of  copper 
extraction,  342,  360 ;  refining  at 
National  Lead  Works  near,  564 

Chihuahua,  patio  process  at,  749,  764 

Chili,  cuprite  ana  malacite  from,  14 ; 
copper  pyrites  from,  15;  copper 
mattes  m,  167 ;  converter  process 
in,  232 ;  impurities  in  refined  copper 
from,  267 ;  native  silver  in,  588 ; 
amalgam  in,  589;  silver  glance, 
stromeyerite  and  pyrargyrite  in, 
589 ;  horn  silver  and  bromite  in, 
590 ;  iodite  in,  591 ;  amalgamation 
process  of  silver  extraction  in,  746 
etiteq. ;  Kr^hnke  process,  752;  native 
gold  in,  927 

Chiromaffny,  France,  silver  glance  in,  589 

Clausthal,  Harz,  iron-reduction  process 
in,  508  et  seq,  ;  furnaces  used  at, 
510-512 ;  smelting  lead  matte  at, 
516  et  seq,  ;  composition  of  lead 
before  and  after  refinins,  546,  552, 
553  ;  composition  of  litharge  from, 
710 ;  cupellation  of  argentiferous 
lead,  712 

Clifton,  Arizona,  cuprite  from,  14 ;  fore 
hearths  used  at,  126 ;  furnace  for 
smelting  oxide  and  carbonate  of 
copper  at,  135-137 ;  slag  produced 
in  a  Henrich  furnace,  236 ;  wet 
extraction  of  copper,  275 

Clutha  River,  N.Z.,  dredging  for  gold 
at,  941 

Colorado,  fahlore  from,  16;  costs  of 
pyritic  copper  smelting  at,  164; 
galena  and  cerussite  from,  379  ;  lead 
smeltins  furnaces  in,  484 ;  treat- 
ment of  lead  matte  in,  491 ;  com- 
bined iron  reduction  with  smeltins 
of  oxidised  lead  ores,  522;  lead 
carbonate  from,  524 ;  fahlore  and 
horn  silver  in,  590 ;  production  of 
work-lead  alloys,  598 ;  native  gold 
in,  927 ;  compounds  of  gold  with 
tellurium  in,  927  ;  arrastra  amalgam- 
ation, 942 ;  Huntington  mills  used 
in,  944;  stamp  mills  in,  956; 
MacArthur-Forrest  process  in,  1016 

Columbia,  dredging  for  sold  in,  941 

Commem,  treatment  of  lead  matte  at, 
492 

Comstock  lode,  the,  silver  glance 
formerly  found  in,  589 

Coolgardie,  West  Australia,  native  gold 
at,  927 

Copiapo  Valley,  the,  silver  ores  of,  754  ; 
Kruhnke  process,  752 

Cordova,  Spain,  P^nglish  process  of  lead 
extraction,  397 

Cornwall,  copper  pyrites,  bornite  and 
chalcocite  from,  15 ;  galena  from, 
379 ;  English  process  of  lead  ex- 
traction, 397 


Coix>nel,  Peru,  native  silver  at,  588 

Corphalie,  galena  from,  379 ;  French 
process  of  lead  extraction  at,  407 

Cossack  territory,  native  gold  in,  927 

Cuba,  copper  pyrites  in,  15 

Curra  Rossi,  Hungary',  *electro-metal- 
lurgical  extraction  of  gold,  1042 

Cusihuiriaohic,  Mexico,  leaching  of  tail- 
ings at,  874 ;  RuBsel's  process  at 
897 

Cwra  Avon,  treatment  of  a  coarse  metal 
at,  201 


D 


Dakota,  native  ^old  in,  927  ;  stamp  mills 
in,  956 ;  cmorination  of  gola  ores, 
990 

Davos,  Engadine,  exhaustion  of  lead 
deposits  at,  387 

Dead  wood,  S.  Dakota,  Brum's  horseshoe 
furnace  used  at,  101 ;  chlorination 
of  sold  ores,  992 ;  extraction  of  gold 
in  dry  way,  933,  934 

Deebank,  N.  Wales,  smelting  of  litharge, 
535 

Delhi,  gold-parting  by  sulphur  at,  1046 

Deloro,  Canada,  calcination  of  gold  ores 
at,  980  ;  chlorination,  989 

Denver,  Colorado,  Pearce  furnace,  97 ; 
O'Harra  furnace  for  roasting  leacl 
ores,  437,  439;  composition  of  fine 
dust  at,  439 ;  American  furnaces  at, 
460,  482,  483;  treatment  of  lead 
matte  at,  491,  492 ;  lead  smelting  at, 
500  ;  Ziervoeel  process,  901 

Derbyshire,  English  process  of  lead  ex- 
traction in,  397 

Detroit,  Michigan,  treatment  of  native 
copper  and  cuprite  at,  237,  270 

Deva,  Siebenbiirgen,  Hunt- Douglas  cop- 
per process  at,  279 

Devonshire,  copper  pyrites  from,  15 ; 
galena  from,  379 

Dillenburg,  English  process  of  copper 
smeltinff  at,  205 

Dresden,  gold-parting  at  the  mint,  1043 

Duisberg,  Aggerthal,  copper-smelting  at, 
205 ;  production  of  chloride  of  cop- 
per, 298  ;  precipitation  of  silver  from 
liquors,  898 

Duneain,  N.Z.,  Black-Etard  process  at, 
1041 


E 


Eguilles,  near  Sargues,  Manhi^s'  con- 
verters at,  216 ;  David  converter 
at,  224,  225 ;  enrichment  of  matte 
in  converters,  231 ;  electrolytic  me- 
thod of  copper  production,  342 

Eifel,  intro<luction  of  Parkers  process^ 
into  the,  543 
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£itorf,  Parke's  furnace  at,  92 

£1  Paso,  Texas,  smelting  lead  carbonate 

at,   524 ;   production   of    work- lead 

from  silver  ores,  598 
Ems,   galena  from,   378 ;  pyromorphite 

from,  380  ;  treatment  of  lead  mattes 

492 ;  composition  of  flue  dust  from 

532  ;  distillation  of  zinc  scums,  670 
Engis,  Belgium,  exhaustion  of  lead  de 

posits  at,  387 ;  Carinthian  process 

391 
England,  copper  pyrites  in,  15  ;  impuri 

ties  in  refined  copper,  267  ;  native 

gold  in,  927 
Erzgebirge,    galena    from,    378 ;  native 

silver,  sUver  glance,  and  pyrargyrite 

from,  589 
Escallotte,  Marseilles,  French  process  of 

lead  extraction,  407 
Escobar,  Krohnke  process  at,  754 


Fahlun,  copper  pyrites  from,  15  ;  copper 
stall  roasting  at,  44  ;  composition  of 
slags  from,  114;  Sulu  furnace  at, 
127  ;  composition  of  copper  mattes 
at,  142 ;  composition  of  coarse  cop- 
per from,  150  ;  composition  of  dtinn- 
stein,  151 ;  composition  of  coarse 
copper  slags,  151  ;  German  process 
of  copper  smelting  at,  157  ;  stall 
roasting  of  lead  ores  at,  428  ;  treat- 
ment of  lead  matte,  492 

Femezely,  Hungar^s  normal  heap  roast- 
ing of  copper  ores,  36 ;  production 
of  work-lead  from  silver  ores,  602 ; 
leading  of  silver  mattes,  611 ;  de- 
silverising  mattes  at,  617 

Finland,  native  gold  in,  927 

Flintshire,  English  process  of  lead  ex- 
traction in,  397 

Foldal,  Norway,  kernel  roasting  in,  38 ; 
precipitation  of  copper  sulphide, 
285 

France,  copper  pyrites  in,  15  ;  localities 
for  galena  and  anglesite,  379  ;  Corin- 
thian process  of  lead  extraction,  387  ; 
amalgam  found  at  Allemant,  589 ; 
silver  glance  from,  589 

Frankfort-on- Maine,  refining  of  blick- 
silber  by  Roessler's  process,  730; 
gold-refining  at,  1058  et  aeq.  ;  gold- 
parting  by  electrolysis,  1077 

Frau  Sophienhiitte,  heap  roasting  of  lead 
ores,  424 ;  composition  of  lead 
slags,  451  ;  smelting  lead  ore  at,  493, 
494,  521 

Freiberg,  kilns  at,  53 ;  calcination  of  ore- 
fines,  55 ;  composition  of  copper 
slags,  154 ;  roasting  of  lead  ores, 
429  ;  furnaces  used  for,  434,  435 ; 
nom position  of  slags  from  lead  smelt- 
cig,  450-452  ;  blast  furnace  at,  456  ; 


Pilz  furnaces  at,  457-460 ;  water- 
jacketed  furnaces  first  used  at^  464, 
468,  469  ;  Wellner  s  furnace  at,  472  ; 
Stolberg  furnace  at,  472 ;  details  of 
furnaces  for  lead  smelting,  475 ; 
composition  of  blast  furnace  lead, 
489 ;  of  matte,  490  ;  treatment  of 
lead  matte,  491,  492  ;  lead  smelting 
at,  494-500  ;  smelting  of  lead  slags, 
531  ;  composition  of  flue  dust,  532 ; 
reduction  of  litharee  at,  536  ;  com- 
position of  scums  from  work -lead, 
537  ;  liquation  of  abstrich,  540  ;  lead 
refining  furnaces,  554-556 ;  native 
silver  from,  588  ;  silver  glance,  miar- 
eyrite  and  proustite  at,  589;  poly- 
basite  at,  590 ;  treatment  of  mixed 
ores  of  silver,  zinc,  and  lead  at,  595 ; 
production  of  work-lead  alloys  from 
silver  ores,  598  el  seq.  ;  hand-pattin- 
sonising,  63U-633  ;  zinc  desilverising 
at  648  ;  liquation  of  zinc  scums,  659, 
663 ;  distillation  of  zinc  scums,  672  ; 
furnaces  for  cupellation  of  argenti- 
ferous lead,  704 ;  composition  of 
blicksilber,  709 ;  of  abstrich,  710 ; 
of  litharge,  710 ;  refining  blicksilber,' 
727  ;  silver  extraction  process,  739, 
740  ;  barrel  amalgamation  process, 
827-830  ;  distillation  of  silver  amal- 
gam, 843,  844  ;  Augustin  process, 
848,  856 ;  Plattner's  process,  976 ; 
chlorination  of  gold  ores,  983  ;  gold 
refining  at,  1060  et  seq. 

French  Corral,  Nevada  Co.,  hydraulic 
mining  at,  940 

Fresnillo,  Mexico,  patio  process  at,  762, 
781 

Fredrichshiitte,  Pilz  furnace  at,  457 ; 
smelting  of  residues  from  air-reduc> 
tion  process  of  lead  extraction,  530  ; 
hand-pattinsonising  at,  633;  de< 
silverising  by  zinc  method,  647, 
655  ;  distillation  of  zinc  scums,  670  ; 
production  of  zinc-silver  alloys  from 
work-lead,  690 


O 


Gailitz,  Carinthia,  American  furnace  for 
lead  smelting  at,  417 ;  Tarnowitz, 
process  at,  417 

Gastein,  Salzburg,  native  gold  in,  927 

(Javrilov  works,  Tomsk,  production  of 
work -lead  from  silver  ores,  602; 
leading  of  silver  mattes,  608  et  neq. 

Georgetown,  Colorado,  barrel  amalgama- 
tion at,  830 

Georgia,  copper  pyrites  in,  15 

Germany,  copper  pyrites  in,  15  ;  absence 
of  chalcocite  in,  15 ;  fahlore  from, 
16  ;  localities  for  galena,  378 ;  fah- 
lore found  in,  590 ;  native  gold  in, 
927 
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Gibbonsville,  Montana,  chlorination  of 
gold  ores  at,  081,  990 

Gold  Coast,  native  gold  in,  927 

Gold  River  District,  hydraulic  mining  at, 
940 

Goroblagodat,  native  gold  at,  927 

Goslar,  copper  pyrites  at,  15 ;  bath  for 
electrolytic  production  of  copper, 
352-^355 ;  smelting  lead  ores  from, 
493,  494 

Granby,  Missouri,  American  water-cooled 
hearth  at,  417 

Great  Falls,  Montana,  converter  at,  219  ; 
electrolytic  method  of  copper  extrac- 
tion, 342 

Greece,  localities  for  galena  and  cerus- 
site,  379 

Guadalcanal,  Spain,  pronstite  at,  689 

Guadalupe,  Bolivia,  tina  amalgamation 
at,  839 

Guanaxuato,  Mexico,  silver  glance  at, 
589  ;  patio  process  at,  769,  778,  781 

Guayacan,  Chili,  English  process  of  cop- 
per smelting  at,  205 

Guiana,  native  gold  in,  927 

Gympie  gold  fields,  native  gold  at,  927 


H 


Hacienda  de  Rocha,  patio  process  at, 

778 
Hamburg,    English    process    of    copper 
smelting  at,  205  ;  electrolytic  refin- 
ing of  copper,  341,  348 ;  gold-part- 
ing by  electrolysis,  1085 

Hancock,  Lake  Superior,  smelting  of 
native  copper  and  cuprite,  270 

Harz  Mountams,  heap  roasting  of  copper 
matte,  146;  roasting  in  shaft  fur- 
nace, 147 ;  toughening  of  copper, 
248 ;  reduction  of  galena  with  iron, 
375  ;  composition  of  lead  from,  378 ; 
blast  furnaces  for  lead  smelting,  459 ; 
modern  smelting  furnaces,  477-481 ; 
Raschette  furnace  at  the  Altenau 
works,  480-482 ;  iron-reduction  pro- 
cess, 508  ;  composition  of  flue  nnst 
from,  532  ;  impurities  in  lead  from, 
536 ;  reduction  of  litharge  in,  536 ; 
liquation  of  abstrich,  538,  539 ; 
dyscrasite,  miargyrite  and  pyrargy- 
rite  found  in,  589 ;  composition  of 
marl  from,  696,  697 

Havre,  Corduri^  process  at  Rothschild's 
works,  676 

Hebbum-on-Tyne,  furnaces  for  produc- 
tion of  copper  chloride  at,  3(K),  301 

Hemixen,  Belgium,  production  of  copper 
chloride  in  dry  way,  298 ;  silver  ex- 
traction process  at,  738 

Hcrrerias,  Almeria,  Netto's  process  for 
silver  extraction  at,  912 

Herzog  Juliuschutte,  the,  Astfeld, 
heap-roasting  of  lead  ores  at,  424 


Hettstadt,  amalgamation  of  copper  matte 

at,  831 ;  Ziervogel's  prooeas,  899 
Hiendelaencina,    Guadalajara,'    Netto's 
process  for  silver  extraction  at,  912 
Hoboken,  Antwerp,  desilverising  by  zinc 
method,  646,  656  ;  liquation  of  zinc 
scums,  663 ;  extraction  of  zinc  oxide 
at,  680,    685 ;  production   of   icinc- 
silver   alloy   from  work-lead,  691  ; 
treatment  of  the  alloy,  693 ;  cupella- 
tipn  at,  713 ;  refining  blicksilber  by 
Roessler's  process,   730 ;  treatment 
of  zinc-silver  alloys,  917 
Holywell,  Flintshire,  English  process  of 

lead  extraction  at,  398,  399 
Holzappel,  Hesse-Nassau,  galena   from, 
378;   mechanical  pattinaonising  at, 
636 
Horjaco,  Spain,  Netto's  process  of  sUver 

extraction  at,  911 
Huanchaca,  silver  glance  at,  589 ;   tina 

amalgamation  at,  839-841 
Huantla,  patio  process  at,  782 
Huelgoet,  France,  silver  glance  at,  589 
Huelva,  Spain,  calcination  of  copper  ores 

for  sulphate,  288 
Hungary,  fahlore  from,  16  ;  calcination 
of  copper  mattes  in  heaps,  146 ; 
galena  from,  378 ;  amalgam  and 
silver  glance  found  at  Rosena,  589  ; 
pyrargyrite  in,  589  ;  fahlore,  stepha- 
nite  and  polybasite  in,  590 ;  retorts 
for  distillation  of  gold  amalgam,  973 


Idaho,  galena  from,  379;  pyrargyrite 
from,  589  ;  pan-amalgamation,  835 ; 
native  gold  in,  927 ;  arrastra  amal- 
gamation, 942;  Huntington  mills 
used  in,  944 

Illinois,  galena  from,  379 

India,  localities  for  galena,  379  ;  native 
gold  in,  927 ;  stamp  mill  amalgama- 
tion, 956 

Iowa,  ffalena  from,  379 

Irelana,  copper  pyrites  in,  15;  galena 
in,  379 

Isbita,  amalgamation  of  gold  in  mortars, 
960 

Isle  of  Man,  galena  from,  379 

Italy,  copper  pyrites  in,  15;  localities 
for  ^lena,  379 ;  native  gold  in,  927 


Jaen,  Spain,  lead  smelting  at,  502 
Japan,  treatment  of  lead  matte  in,  493 
Jeres  Lanteira,  Granada,  cylindrical  con- 
verters at,  231 
Joachimsthal,     Bohemia,      leading     of 
nickel  and  cobalt  ores  at,  505 
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Johann-Gdorgenstadt,     Saxony,    native 

silver  at,  588 
Joplin,  Missouri,  Jumbo  furnaoe  at,  416- 

418 
Juliashtitte,  composition  of   lead  slags 

from,  451 ;  smelting  at,  493,  494 


K 


Kalgoorlie,  Mac  Arthur-Forrest  process 
at,  1023 

Kaltwasser,  Raibl,  Carinthian  process  at, 

Kansas  City,  Missouri,  Brown  furnace 
used  at,  101 ;  Hunt  and  Douglas 
process  at,  279  ;  sulphuric  acid  ex- 
traction of  silver,  740-742;  gold- 
refining  at,  1068 

Kapnik,  Hungary,  production  of  work- 
lead  alloys  from  silver  ores,  598 ; 
leading  of  silver  matte,  612 ;  com- 
position of  abstrich  from,  710 ;  silver 
extraction  process  at,  742  ;  Augustin 
process  at,  848 ;  combined  Augustin 
and  Patera  process,  853 

Kara,  native  gold  in,  927 

Karabach,  Transcaucasia,  copper  stall 
roasting,  41  ;  krummofcn  used  at,  127 

Kaschau,  amalgamation  of  black  copper 
at,  832 

Katar,  Karabach,  krummofen  used  at, 
127 

Kaward,  Karabach,  krummofen  used  at, 
127 

Kedabeg,  Caucasus,  copper  kernel 
roasting  at,  38 ;  Siberian  furnaces 
at,  1^ ;  composition  of  copper 
mattes  at,  142 ;  calcination  in  heaps, 
146 ;  production  of  coarse  copper, 
152 ;  German  process  of  copper 
smelting,  156;  Anglo-German  pro- 
cess, 212 ;  naphtha-fired  refining 
furnace  at,  253 ;  impurities  in  refined 
copper  from,  267 ;  copper-refininc 
at,  269 ;  composition  of  refined 
copper,  270 ;  calcination  of  sulphide 
ores  for  sulphate,  289 ;  electrolytic 
method  of  copper  extraction,  342, 351 

Kefoun,  Algeria,  galena  from,  379 

Keld  Head,  smelting  of  residues  of  air- 
reduction  process  for  lead,  530 

Kerpenyes,  amalgamation  of  gold  in 
mortars,  960 ;  in  Hungarian  mills, 
962 

Keswick,  California,  pyritic  copper- 
smelting  at,  159 

Kishtimsk,  native  gold  at,  927 

Klausen,  impurities  in  refined  copper 
from,  247 

Klondyke,  native  gold  at,  927 

Kokoma,  Colorado,  pyritic  smelting  at, 
159,  164 

Kolm  Saigurn,  Munktell's  process  of 
chlorination  at,  988 

Kongsberg,   Norway,   native   nilver   at, 


588 ;  leading  in  crucibles,  596  ;  pro- 
duction of  work-lead  from  silver 
ores,  602 ;  leading  of  silver  mattes, 
608 

Kosaka,  Japan,  A'Ugustin  process  at, 
848,  852 

Kremnitz,  Huneary,  Huntington  mills 
at,  944  ;  gold-refining  at,  1059  e/  »eq. 

Kreuth,  Carinthia,  American  furnaces 
for  lead-smelting  at,  417 

Kreuzberg,  stamp  mills  at,  963 

Kristnor,  quickmills  used  at,  960 


Lake  Superior,  native  copper  from,  14, 
237  ;  copper  refining,  242,  252,  270 ; 
copper  from,  used  for  electrical  pur- 
poses, 271  ;  impurities  in  refined 
copper,  267  ;  native  silver,  588 

Lancashire,  chloridising  roasting  of 
copper  ores,  298 

Langelsheim,  heap-roasting  of  learl  ores, 
424  ;  treatment  of  lead  matte  at,  492  ; 
smelting  lead  ore  at,  493  ;  composi- 
tion of  marl  from,  697 

Lao  Mountains. ,  India,  galena  from,  279 

La  Pise,  France,  composition  of  lead  slag 
from,  452 ;  treatment  of  lead  matte, 
492 

La  Salle,  Illinois,  furnaces  for  calcining 
zinc  blende,  108 

Laurium  (Laurion),  galena  from,  379; 
cerussite  from,  379 ;  composition  of 
ancient  slags,  531 

Lautenthal  (Harz),  calcination  of  cop- 
per mattes  in  Wellner  stalls,  147  ; 
iron-reduction  process  for  lead  ex- 
traction, 508  et  seq. ;  furnaces  used, 
509,  510 ;  smelting  lead  matte,  516  ; 
liquation  of  abstrich,  538, 539  ;  com- 
position of  lead  before  and  after  re- 
fining, 546,  552,  553;  hand-pattin- 
sonisinff,  633 ;  desilvering  by  zinc 
method,  647-649,  654 ;  oxidation  of 
zinc  scums,  676,  677  ;  extraction  of 
zinc  oxide,  680,  687  ;  production  of 
zinc-silver  alloy  from  work-lead, 
691  ;  furnace  for  cupellation  of 
argentiferous  lead,  698 ;  process  of 
cupellation,  711;  refining  of  blick- 
silber,  727  ;  gold  refining,  1060  et  »eq. 

Leadhills,  composition  of  lead  slags  from, 
529 

Leadville,  Colorado,  copper  smelting  at 
La  Plata  Works,  159,  164;  galena 
from,  379 ;  ceruscite  from,  379 ; 
smelting  of  lead  carbonate,  523 ; 
horn  silver,  from,  590 

Leghorn,  converter  process  at,  232 

Lend,  Salzburg,  composition  of  refined 
copper  of,  246 

Linares,  Spain,  galena  and  cerussite  from, 
379  ;  English  process  of  lead  extrac- 
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tion,  397  ;  Boliche  furnaces  for  lead 

smelting,  400 
Linz-on-Rhine,  wet  extraction  of  copper, 

273,  274 
Liverpool,   MacDougall  furnace  used  at, 

69 
Lohe,  Siegen,  leading  silver  mattes,  609 
London,  Miller's  process  of  gold-parting 

used  at  Mint,  1048 ;  parting  by  nitnc 

acid,  1052 
Loyse,  Peru,  native  silver  at,  588 


M 


Majdanpec,  Servia,  heap-roasting  of 
copper  pyrites  for  sulphate,  290,  291 

Malla-Malla  Mountains,  galena  from,  379 

Manhattan,  Stetefeldt  furnaces  at,  826 

Manilla,  enargite  from,  16 

Mansfeld,  copper  pyriteB  and  bornite 
from,  15 ;  Parke's  furnace  used  at, 
92;  composition  of  slags,  114; 
shaft  furnaces  for  smelting  calcined 
copper  ores,  116;  smelting  kupfer- 
schiefer  at,  128 ;  composition  of 
coarse  copper,  150,  of  slags  and 
dunnstein,  154  ;  kilns  for  calcination 
of  coarse  metal,  189,  192;  Anglo- 
German  process  at,  207  ;  copper  re- 
fining, 246,  250,  251,  271  ;  impuri- 
ties in  refined  copper,  267 ;  electro- 
lytic method  of  copper  extraction, 
342,  361  ;  treatment  of  plumbiferous 
flue  dust  at,  533 ;  Augustin  process, 
848  et  seq. 

Maquina  del  Cerro,  Krohnke  process  at, 
756 

Maquina  de  Potrero  Seco,  de  Puquios,  de 
Amalgamacion,  Krohnke  process  at, 
756 

Marseilles,  electrolytic  method  of  copper 
extraction  at,  342 

Massa  Maritima,  copper  pyrites  from,  15 

Mazarron,  Spain,  leaa -smelting  at,  5(^ 

Mechemich,  composition  of  catena,  378  ; 
furnaces  for  roasting  lead  ores,  435  ; 
composition  of  slag  from  smelting 
works,  489 ;  composition  of  lead 
matte  from,  451,490;  treatment  of 
lead  matte,  492 ;  lead-smelting  at, 
498  ;  distillation  of  zinc  scums,  665 

Melrose,  California,  Patera  process,  861 

Mexico,  copper  pyrites  from,  15  ;  galena 
from,  379 ;  treatment  of  lead  matte 
in,  493 ;  native  silver  in,  588  ;  silver 
glance,  miargyrite,  and  pyrargyrite 
from,  589 ;  stephanite,  polybasite, 
horn  silver,  and  bromite  from,  590 ; 
iodite,  591  ;  process  of  silver  extrac- 
tion, 746  et  seq.  ;  Cazo  process,  750 ; 
Krohnke  process,  762  ;  Patio  process, 
760;   recovery  of  silver  from  amal- 


gam, 843  ;   Kiss  process,  890 ;  gold 
pi*o8pector8'  pans  used,  930 

Miask,  Altai  Mountains,  native  gold  in, 
925 

Michigan,  native  copper  from,  14 ;  native 
silver  from,  588 

Miess,  Carinthia,  Carinthian  process  at, 
391 

Missouri,  galena  from,  379  ;  introduction 
of  new  lead -extraction  process  into, 
387 ;  water-cooled  American  hearth 
used  in,  414 

Moabit,  Kaiser,  electrolytic  method  cf 
copper  extraction,  342 

Mons,  Belgium,  the  Bleybecg  lead- 
extraction  process  at,  406,  407 

Montana,  copper  pyrites  in,  15;  oopper 
stall-roastmg  in,  42 ;  Spence  fur- 
naoes  used  in,  67 ;  American  process 
of  copper  smelting  at,  159,  164 ; 
galena  from,  379  ;  treatment  of  lead 
matte,  493 ;  Boss  process,  816 ; 
native  gold  in,  927  ;  arrastra  amal- 
gamation, 942;  Huntington  mills 
used  in,  944  ;  stamp  mills,  956 

Monteponi,  Ferrari's  process  for  lead 
extraction  at  504,  ^5 

Morro  Velho,  Brazil,  barrel  amalgama- 
tion at  961 

Moschellandsberg,  amalgam  at,  589 

Mount  Lyell,  Tasmania,  pyritic  copper- 
smelting  at,  159,  164 ;  converter 
process  at,  232 

Mount  Morgan,  Queensland,  native  gold; 
at,  927  ;  Plattner's  process  at,  977  ; 
chlorinatiou  of  gold  ores,  986,  991  ; 
Newbery-Vautin  process  at,  989 ; 
Sutton's  process  at,  994,  996,  997 

Miihlbach,  Salzburg,  German  process  of 
copper  smelting  and  matte  concen- 
tration at,  158 

MUosterbach,  Stolberg,  distillation  of 
zinc  scums,  670 

Murcia,  Spain,  treatment  of  lead  matte 
at,  492 ;  lead-smelting  at,  502 ; 
smelting  of  oxidised  lead  ores,  522 

Mtisen,  treatment  of  lead  matte  at,  492 ; 
Rothenbach  Works  near,  prodnction 
of  work-lead  alloys  from  silver  ores, 
598 


N 


Nagyae,    Siebenbiirgen,    compounds   of 

gold  with  tellurium  at,  927 
Nagybania,  copper  pyrites  at,  15 ;  heap- 

rcMbsting  of  copper  ores,  36 ;  Desig- 

noUe's  amalgamation  prooessat,  841 ; 

Kiss  process  at,  861,  890 
Katrona,  Alleghany,  Pa.,  precipitation 

of  copper  from  copper  chlcnnde  at, 

322 
NcuBohl,  composition  of  copper  speiss  at, 
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Nevada,  galena  from,  379  ;  treatment  of 
lead  matte  in,  493 ;  smelting  oxi- 
dised lead  ores,  522 ;  native  silver  in, 
588  ;  silver  glance,  pvrargyrite,  and 
proustite  at,  589  ;  Washoe  process 
in,  803,  807  ;  Patera  process,  861  ; 
native  gold  in,  927 ;  stamp  mill 
amalgamation,  956 

Nevada  City,  California,  calcination  of 
gold  ores  in,  980 

Newark,  New  Jersey,  electrolytic  method 
of  copper  extraction,  342,  360 ;  liqua- 
tion of  zinc  scums,  663  ;  distillation 
of  zinc  scums,  665 

Newcastle-on-Tyne,  Rozan  process  at, 
640 

Newfoundland,  copper  pyrites  from,  15 

New  Jersey,  Orfora  furnaces  used  at, 
134 

New  Mexico,  malachite  from,  14 ;  azur- 
ite  and  chalcocite,  15 ;  smelting  of 
oxidised  ores  in,  234 ;  galena  from, 
379  ;  Huntington  mills  used  at,  944 

New  South  Wales,  copper  pyrites  from, 
15  ;  galena  from,  379  ;  smelting  lead 
carbonate,  523  ;  native  gold  in,  927 

New  York,  salena  from,  379  ;  gold-refin- 
ine  at  the  mint,  1058  et  seq. 

New  ^aland,  native  gold  in,  927  ;  stamp 
mill  amalgamation  in,  956 

Nishni-Tagilsk,  Urals,  Skinder  farnace 
at,  138 ;  impurities  in  refined  cop- 
per from,  267 

Norway,  copper  pyrites  in,  15 ;  copper 
heap-roasting,  36  ;  roasting  of  cop- 
per mattes  in,  146 ;  galena  from, 
379 ;  native  silver  at  Kongsberg, 
588  ;  pyrargyrite,  589  ;  native  gold 
in,  927 

Nova  Scotia,  native  gold  in,  927 


0 


Oberschlema',  Saxony,  amalgamation  of 
speiss  at,  833 

Offenbanya,  Siebenbiirgen,  compounds 
of  gold  with  tellurium  in,  927 

Oker,  copper  pyrites  burners  used  at, 
52 ;  kilns  at,  54 ;  fixed  reverber- 
atory  copper  furnaces,  77 ;  Hasen- 
clever  furnaces,  107  ;  composition  of 
slags,  114  ;  shaft  furnaces  for  smelt- 
ing calcined  ores,  116-131 ;  compo- 
sition of  spiirstein  and  slags,  154  ; 
kilns  for  roasting  coarse  metal,  189, 
191 ;  composition  of  white  metal, 
193  ;  composition  of  copper  ores  at, 
209 ;  refining  of  copper,  272 ;  pro- 
duction of  copper  chloride  in  drv 
way,  298  ;  composition  of  ores  which 
undergo  chloridising  roastine,  303, 
304;  arrangement  of  works  at, 
305-307  ;  lixiviation  of  copper  chlor- 
ide,  315-317 ;  precipitation  of  cop- 


per,   322 ;    composition    of    cement 
copper,  325  ;  electrolytic  refining  of 
copper,    341,  348 ;  roasting  of  lead 
ores  at,   429  ;  composition  of  lead 
matte  from  blast  furnace,  490 ;  refin- 
ing of  blicksilber,   728 ;  extraction 
process,   734-738;   precipitation    of 
silver    with    sodium    iodide,    898 ; 
parting  of  gold,  1044 
Olekma  River,  native  gold  in,  927 
Omaha,  Nebraska,  calcination  of  copper 
matte    in   Bruckner    furnace,    148 ; 
calcination  of    coarse    metal,    189 ; 
lead-refining  at,   564  ;  liquation    of 
zinc  scums,    659 ;    cupellation  fur- 
nace at,  724 
Oregon,   native  gold  in,   927 ;   arrastra 
amalgamation,      942 ;     Huntington 
mills  used  in,  944 
Ore  Knob,  U.S.A.,  calcination  of  copper 
ores    for    oxide,    293 ;    solution    of 
copper,  314 
Oruro,  tina  amalgamation  at,  841 
Ossa,  Krohnke's  process  at,  754 


Parenos,  Mexico,  miargyrite  at,  589 

Paris,  gold-pai*ting  at,  1052 

Pembrey,  S.  Wales,  calcination  of  white 
metal  at,  193 ;  electrolytic  produc- 
tion of  copper  at,  342 

Penistone,  American  process  of  copper- 
smelting  at,  159 

Perm,  Russia,  cuprite  from,  14 ;  smelting 
of  cupriferous  sandstone  at,  234 

Perth,  West  Australia,  electrolytic  pro- 
duction of  copper  at,  360 ;  analyses 
of  auriferous  tellurium  ores,  928 

Pertusola,  near  Spezzia,  Huntington  and 
Heberlein's  process  at,  442 ;  treat- 
ment of  matte  at,  492 ;  lead-smelt- 
ing at,  503 ;  tellurium  and  other 
elements  in  the  products  from  distil- 
lation oC  zinc,  674 

Peru,  copper  pyrites  from,  15 ;  atacamite 
and  enargite  from,  16  ;  native  silver 
from,  588 ;  silver  glance  from,  589 ; 
horn  silver  from,  590 ;  amalgamation 
process  of  silver  extraction,  746  et 
aeq.  ;  Cazo  process,  750 ;  Krohnke 
process,  752 ;  Patio  process,  760  et 
seq.  ;  native  gold  in,  927 

Pestarena,  native  gold  at,  927 

Philadelphia,  inquartation  at,  1052 

Phcenixhittte,  Hungary,  composition  of 
diinnstein,  151 

Piltniz,  Carinthia,  American  process  of 
lead  extraction  at,  417 

Pittsburg,  treatment  of  native  copper, 
237,  270 ;  furnace  for  copper-re- 
fining at,  253,  254 ;  desilverising  by 
zinc  method,  646 ;  gold-parting  by 
electrolysis,  1077 
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Playa  Blanca,  chloridising  roasting  of 
silver  ores  at,  821 ;  tina  amalgama- 
tion at,  839-841 

Pomaron,  pyrites-roasting  in  Maletra 
furnace  at,  66 

Pontgibaud,  galena  from,  379  ;  treatment 
of  lead  matte  at,  492 ;  composition 
of  ahzug  from,  710 

Pont  du  Ch6ryi,  electrolytic  method  of 
copper  production,  342 

Port  Aoelaide,  Australia,  lead-smelting 
at,  503 

Port  Pirie,  N.S.W.,  smelting  of  lead 
carbonate  at,  528  ;  refining  of  lead, 
562-564;  production  of  work-lead 
alloys  from  silver  ores,  598 ;  treat- 
ment of  desilverised  lead,  664 ;  dis- 
tillation of  zinc  scums,  669  \  cupel- 
lation  furnace  at,  724 

Portugal,  copper  pyrites  in,  15 

Potosi,  Bolivia,  miargyrite  at,  589; 
patio  process,  760,  782;  tina  amal- 
gamation at,  839 

PoulTaouen,  Brittany,  French  process  of 
lead  extraction  at,  407 ;  production 
of  silver-lead  alloys  in  lead  baths, 
596 

Pretoria,  Miller's  process  at  the  mint  in, 
1048 

Przibram,  Bohemia,  fortschaufelunffsofen 
used  at,  432,  433;  composition  of 
lead  slag  from  smelting  works,  451 ; 
blast  furnace  for  lead-smeltinff  at, 
458,  476,  477 ;  composition  of  the 
lead  and  matte  produced,  489,  490 ; 
roasting  lead  matte,  491,  492;  lead- 
smelting  at,  499;  composition  of 
lead  ores,  499 ;  refining  furnaces, 
554-557  ;  composition  of  refined  lead 
from,  561 ;  miargyrite  at,  589 ;  Rozan 
process  at,  638-640;  cnpellation 
furnace,  699 ;  composition  of  blick- 
silber,  709 ;  process  uf  cupellation, 
713;  refining  blicksilber,  727 

Pueblo,  Colarado,  Pearce  furnace  at,  97, 
98 ;  composition  of  lead  flue-dust 
from,  532;  leading  of  silver  matte, 
608  ti  seq, 

Q 

Quebradillas    Mine,     Zacatecas,     Patio 

process  at,  781 
Queensland,   copper    pyrites   from,    16 ; 

galena  from,  379 ;  native  gold  in, 

927 


R 


Raibl,  Carinthia,  Carinthian  process  of 
lead  extraction  at,  387 ;  Tarnowitz 
process  at,  401 

Rammclsberg,  copper  pyrites  from,  15, 
47 


Ramsbeck,  Westphalia,  galena  from,  378 ; 
treatment  of  lead  matte  at,  492 

Rauris,  Salzburg,  native  gold  at,  927 

Ravaspatak,  amalgamation  process  at, 
841 

Reichenstein,  Plattner's  process  at,  976 ; 
chlorination  of  gold  ores,  982 

Remagen,  Prussia,  Tubalkain  Works 
near,  English  process  of  copper- 
smeltine  at,  205 

Reno,  Stetefeldt  furnaces  at,  826 

Rhine,  native  gold  in,  927 

Rio  Tinto,  copper  pyrites  from,  15; 
copper  ores  from,  47 ;  Dotsch  pro- 
cess at,  294 ;  solution  of  copper 
as  sulphate,  313;  precipitation  of 
copper  from  copper  sulphate,  318, 
from  chloride  of  copper,  321  ;  com- 
position of  cement  copper  from,  325 ; 
refining  copper  at,  3^ ;  Hopfner^s 
process  at,  337 

Rochlitz,  Riesengebirge,  attempted  wet 
extraction  of  copper,  279 

Rome,  New  York,  extraction  of  silver  by 
electrolysis,  914 

Rdros,  Norway,  copper  pyrites  from, 
15 ;  heap-roasting  in,  36;  composition 
of  slags  from,  114, 151 ;  converted  at, 
231 

Rosenau,  Hungary,  amalgam  found  at, 
589 

Rossie,  New  York,  Rossie  fumaoe  at, 
417 

Rothenbach  Works,  the,  Mfisen,  produc- 
tion ot  work-lead  alloys  from  silver 
ores,  601 ;  leading  of  silver  matte  at, 
611 ;  cupellation  of  argentiferous  lead 

at,  711 
Rouen,  mechanical  pattinsonising  at,  634 
Ruda,  native  gold  at,  927  ;  Laszlo  amalga- 
mations used  at,  963 
Russia,  cuprite  in,  14 ;  copper  pyrites  and 
chalcocite  in,  15 ;  heap-roasting  of 
copper  mattes,    146  ;  ^localities  for 
galena,  379 ;  native  gold  in,   927 ; 
gold-washing  in,  932 


8 


Bala,  Sweden,  Sulu  furnaces  used  at,  127; 

Russell  process  at,  897 
St.  Andreasoerg,  Harz,  combined  roast - 

ing-reduction  and  iron  and  reduction 

Srocess  of  lead  extraction,  521 ; 
yscrasite,  miargyrite,  pyrar^rite, 
and  proustite  at,  589 ;  polybasite 
at,  590;  production  of  silver-lead 
alloys  in  lead  baths,  596,  597 ;  pro- 
duction of  work-lead  alloys,  599; 
cupellation  at,  712,  713;  silver- 
extraction  process  at,  742 
St.  Helens,  Liverpool,  advantage  of 
£nglish  process  of  copper-sniclting 
at,  25 ;  copper-smelting  at,  206 
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St.  Louis,  Marseilles,  French  process  of 
lead  extraction  at,  407  ;  Rozan  pro- 
cess at,  637,  638 

St.  Louis,  IJ.S.A.,  electrolytic  method  of 
copper  extraction,  342 ;  gold-parting 
at,  1077 

St.  Petersburg,  gold-parting  at  the  mint 
at,  1046 

St.  Sebastian,  ^lena  from,  379 

Salt  Lake  City,  Ilanau  Works  near,  water- 
jacketed  furnaces  at,  464 

Salzburg,  native  gold  in,  927 

San  Francisco  del  Oro,  Patera  process 
at,  866 ;  Kiss  process  at,  890 ;  in- 
quartation  at,  1052 

San  Jacinto,  Spain,  lead-smelting  at, 
502 

Santa  F^  de  Bogota,  cementation  at, 
1047 

Santa  Rita,  native  copper  and  cuprite  at, 
14 

Sardinia,  galena  and  anglesite  from, 
379 

Saxony,  native  silver  from,  588 ;  silver 
glance  and  miargyrite,  589 ;  ste- 
phanite  from,  590 

Schemnitz,  Pilz  furnace  at,  457 ;  Siberian 
hearth  at,  535 ;  polybasite  at,  590 ; 
cupellation  at,  71 5 ;  barrel  amalgama- 
tion process,  827 ;  DesignoUe's  pro- 
cess at,  841 

Scherian,  Carinthia,  American  furnace 
for  lead-smelting  at,  417 

Schmollnitz,  copper  pyrites  from,  15 ; 
composition  of  speiss  at,  142 ;  refinine 
furnaces  at,  243,  244  ;  toughening  ol 
copper,  248 ;  treatment  of  cement 
waters,  285 ;  refining  of  blicksilber 
at,  729,  730 

Schneeberg,  native  silver  at,  588 

Schoppnitz,  Silesia,  Tamowitz  process 
at,  405,  465 

Scotland,  salena  from,  379 

Selby,  California,  production  of  work- 
lead  from  silver  ores,  607 

Sherbrooke,  Quebec,  sulphurous  copper 
ores  from,  47 

Shropshire,  galena  from,  379  ;  process  of 
lead  extraction,  397 

Shulbbury,  Wisconsin,  Blake  furnace 
used  at,  103 

Siberia,  azurite  from,  15 ;  stromeyerite 
from,  589  ;  native  sold  in,  927  ;  gold- 
dredging  in,  941 ;  oarrel-amalgama- 
tion,  961 

Siebenbiirffen,  native  ^old  in,  927  ;  com- 
poun(b  of  gold  with  tellurium,  927  ; 
stamp-mill  amalgamation,  956 ; 
amalgamation  in  mortars,  960 

Siegen,  galena  from,  378 

Sierra  ae  Carthagena,  Spain,  draught 
furnaces  used  at,  453 

Sierra  Moyada  Mountains,  Mexico,  lead 
carbonate  from,  524 

Silesia,  galena  from,  378 


Silver   Reef,  Utah,  Washoe  process  at, 

810 
Snailbeach,  Shrewsbury,  English  process 

of  lead  extraction,  399 
Sombre  rete,     ^^atera     process    at,   866, 

888 ;    composition    of    precipitated 

silver  sulphide,  884  ;  Russell  process 

at,  897 
Spain,   copper    pvrites    from,    15 ;    im- 

{>urltie8  in  renned  copper  from,  267  ; 
ocalities  for  galena,  cerussite, 
anglesite,  379,  tor  pyromorphite, 
380;  pyrargyrite  and  pronstite  in, 
589 ;  smelting  lead  carbonate  in, 
523 

Spezzia,  Briickner's  furnace  used  for 
roasting  lead  ores,  441  ;  reduction  of 
litharge,  535 

Stadtberge,  Westphalia,  wet  extraction 
of  copper,  274,  275  ;  pr^ipitation  of 
copper,  282,  283,  321 ;  composition 
of  ores  from,  296 ;  solution  of  copper 
as  chloride,  |  295,  314  ;  refining  of 
cement  copper,  326 

Stephanshiitte,  Gollnitz,  copper  stall-' 
roasting  at,  41 ;  dead-roasting  of 
copper  matte  at,  146  ;  composition  of 
coarse  copper  at,  150 ;  copper-smelt- 
ing at;  157  ;  copper-refining  at,  246  ; 
electroljrtic  method  of  copper  ex- 
traction, 342 ;  amalgamation  of 
black  copper,  831 ;  Augustin  process 
at,  856 

Stiperstones,  Salop,  lead  extraction  at, 
397-399 

Stolberg,  Marchese  electrolytic  process 
at,  340 ;  galena  from,  378  ;  treatment 
of  lead  matte  at,  492  ;  hand-pattin- 
sonising  at,  632  ;  mechanical  pattin- 
Bonising  at,  634 

Strimbul,  Hungary,  production  of  work- 
lead  from  silver  ores  at,  603,  611 

Struthiitten,  near  Siegen,  electrolytic 
method  of  copper  extraction,  342 

Sudbury,  Ontario,  **  V"  method  of 
copper  heap-roasting  at,  36 

Sulitjelma,  Norway,  copper  pyrites  from, 
15;  smelting  of  copper  pyrites  at, 
164 

Swansea,  advantages  of  English  process 
of  copper-smelting  at,  25  ;  copper- 
smelting  at,  205 ;  converter  process 
at,  232  ;  precipitation  of  sulphide  of 
copper,  286 ;  electrolytic  method  of 
copper  extraction,  342 ;  Broken  Hill 
ores  treated  at,  569,  738,  762; 
Ziervogel  process  at,  901 

Sweden,  copper  pyrites  in,  15;  copper 
mattes  produced  in,  142  ;  heap-roast- 
ing of  copper  mattes,  146 ;  galena 
from,  379 

Switzerland,  Carinthian  process  of  lead 
extraction  at,  387 

Sydney,  gold-parting  at  the  mint, 
1048 
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Tagil,  Siberia,  native  gold  at,  927 
Tajowa,  Neusohl,  Augustin  process  at, 

848,  857 
Tamowitz,  treatment  of  lead  matte  at, 

492 ;  composition  of  dolomite  from, 

687 
Tasmania,     copper   pyrites    ivom,     15 ; 

galena  from,  379 
Tebarl,  Algeria,  galena  from,  379 
Tennessee,  melaconite  from,  14 ;  copper 

pyrites  in,  15 
Texas,  chalcocite  from,  15 
Tharsis,  copper  pyrites  from,  15 ;  solution 

of  copper  as  sulphate  at,  287 
Tilt  Cove,  Newfoundland,  pyritic  smelt- 
ing of  copper  ores  at,  159 
Tombstone,    Arizona,  argentiferous  ores 

from,  dS4 
Tomsk,  Gavrilov  Works  at,  production  of 

work-lead     from    silver     ores     at, 

605 
Torreon,  Mexico,  smelting  of  silve^  and 

copper  ores  at,  593 
Toston,  V.  Montana 
Totoralillo,    Chili,    English    process    of 

copper-smelting  at,  205 
Transcaucasia,  copper  stall- roasting  in, 

41  ;  krummofen  used  in,  127 
Transvaal,  native  gold  in,  927 ;  stamp- 
mill  amalgamation  at,  958  ;  Siemens 

and     Halske    process,    1031-1036 ; 

composition    of    gold    from,    1039 ; 

Mac  Arthur-Forrest  process,  1016 
Transylvania,  galena  from,  378 
Troghall,  electrolytic  method  of  copper 

production,  342 
Troitsk,  native  gold  in,  927 
Tunis,  galena  from,  379   ■ 
Turkestan,  native  gold  in,  927 
Turkey,  galena  from,  379 
Tuscany,   bornite  and  chalcosite  from, 

15 
Twiste  Waldeck,  leaching  copper  ores 

at,  276 
Tyneside,     production   of    chloride    of 

copper  in  dry  way,  298-301 
Tyrol,  the,  fahlore  from,  16,  590  ;  galena 

from,  378 


U 


Ural  Mountains,  malachite  from,  14  ;  azu- 
rite,  copper  p3'rites  from,  15  ;  chryso- 
colla  from,  16  ;  smelting  of  oxidised 
copper  ores,  234 ;  native  gold  in, 
927 

Utah,  ffalena  from,  379 ;  combined  iron- 
reduction  process  and  smelting  oxi- 
dised lead  ores,  522  ;  lead  carbonate 
from,  524  ;  Briickner's  furnace  used 
for  roasting  lead  ores  in,  441  ;  treat- 
ment of  l^id  matte,  493 ;  smelting 


in,  501 ;  native  gold  in,  927 ;  Hunt- 
ington mills  used  in,  944 


Val  Anzasca,  Italy,  arrastra  amalgama- 
tion at  Pestarena  Mine,  942 

Vermont,  Canada,  copper  pyrites  from, 
15 ;  copper  ores  from,  47 ;  dead- 
roasting  of  copper  matte  in  stalls,  146 

Vialas,  France,  treatment  of  lead  matte 
at,  492 

Victoria,  Australia,  copper  pyrites  from, 
15  ;  largest  nucget  from,  927 

Vienna,  barrel  amalgamation  process  at, 
826 

Vigsnaes,  copper  pyrites  from,  15 

Virginia  City,  silver  glance  in  Comstock 
lode,  589 

Virginia,  U.SA.,  melaconite  from,  14  ; 
copper  pyrites  from,  15 

Vorospatak,  native  gold  in,  927  ;  amal- 
gamation in  mortars,  960 

Vulkoy,  native  gold  in,  927 ;  stamp 
mills  at.  959 


W 


Wales,  copper  pyrites  in,  15 ;  constmc- 
tion  of  furnace  hearths  in,  182 ; 
galena  from,  379 ;  native  gold  in, 
927  {v.  Swansea) 

Wallaroo,  Hocking-Oxland  furnace  at, 
105 ;  furnaces  for  calcination  of 
coarse  metal  at,  189 ;  copper-smelt- 
ing at,  205 ;  electrolytic  method  of 
copper  extraction,  342 

Warlock,  composition  of  lead  slags  from, 
529 

Washoe,  Nevada,  native  gold  from,  927 

Wensleydale,  Scotch  hearth  at,  416 

Westphalia,  Marchese  electrolytic  pro- 
cess at,  340 

White  Pine,  Nevada,  Washoe  process 
at,  810 

Wicklow,  copper  pyrites  from,  15; 
copper  kernel-roasting  in,  38 

Widnes,  production  of  copper  chloride 
at,  302 ;  electrolytic  method  of 
copper  production,  342  ;  production 
of  silver  from  copper  ores  at,  898 

Wisconsin,  galena  from,  379 

Witim,  native  gold  at,  927 

Wittkowitz,  production  of  copper  chlo- 
ride in  dry  way,  298  ;  composition 
of  cement  copper  from,  325  ;  electro- 
lytic methods  of  copper  extraction, 
342 

Witwatersrand,  stamp-mill  amalgama- 
tion at,  $>59  ;  Mac  Arthur- Forrest 
process  at,  1019 ;  precipitation  of 
ffold  at,  1028 

Wolibach,  Baden,  dyscrasite  at,  589 
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Wyandotte,  Michigan,    composition    of 

blicksilber  at,  709 
Wyoming,  native  gold  in,  927 


Yenesei  River,  native  gold  in,  927 
Yedras,  Sinaloa,  Patera  process  at,  867  ; 

precipitation  of  silver,  881 ;  Russell 

process  at,  897 
Yukon,  native  gold  at,  927 


Z 


Zacatecas,  Mexico,  silver  glance  at,  589 ; 
Patio  process  at,  764,  781 

Zalathna,  Transylvania,  production  of 
work -lead  from  silver  ores,  602, 
603;  leading  of  silver  matte,  611- 
613 ;  extraction  of  gold  in  dry  way, 
933 

Zeehan,  Tasmania,  smelting  of  lead 
carbonate  and  sulphide  at,  522 
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Aaron,  on  Patera  process,  865  n ;  on 
treatment  of  gold  ores,  1004 

Abdaar  process,  616 

Abraumsalz,  definition,  1 1 ;  used  in  pro- 
duction of  copper  chloride,  297  ;  for 
removal  of  zinc  from  lead,  544 

Abstrich,  from  smelting  of  work-lead, 
treatment  of,  533-542 

Abzug,  see  Scum 

Addie  process  for  treatment  of  Broken 
Hill  ores,  569 

Adelaide,  Frearson  and  Bros,  on  Mac- 
Arthur-Forrest  process,  lOlU  n 

Agricola,  on  cementation,  1047  ;  on  in- 
quartation,  1051 

Air-reduction  process,  for  extraction  of 
lead,  381  ;  in  reverberatory  furnaces, 
385-387;  Carinthian  process,  387- 
393;  the  English,  393-400;  the 
Tarnowitz,  400-405  ;  the  Bleiberg, 
406,  407  ;  the  French,  407-409 ;  in 
hearths,  409-419 ;  smelting  of  resi- 
dues from,  529,  530 

Albertus  Magnus,  on  cementation,  1047  ; 
oh  inquartation,  1051 

Alice  Mill,  Butte,  pan  amalgamation  at,' 
838 

Alumina,  effect  in  smelting  copper  ores, 
114 

Amador  Mine,  California,  chlorination 
of  gold  ores  at.  984 

Amalgam,  localities  for,  589 

Amalgamation  process,  of  silver  extrac- 
tion, 743  et  seq. ;  Patio  process,  759- 
782 
With  reagents  preceded  by  a  chloridis- 
ing  roasting,  818-841 ;  drying  and 
crushing  ores,  814-818  ;  chloridising 
roasting,  819-826  ;  barrel  amalgama- 
tion, 826-834;  pan  amalgamation, 
834-838;  tina  amalgamation,  838- 
841 ;  with  a  soluble  salt  of  mercury, 
841-846 


in 


» 
of 


for 


Of  gold-bearing  material : 

(1)  Without  previous  crushing,  935- 
914 

(2)  Of  artificially  crushed  material, 
941,  942 ;  partly  during  and  partly 
after  crushing,  942-960;  arrastra 
amalgamation,  942;  in  mills,  943- 
947  ;  in  stomp-mills,  947-960 

(3)  After  crushing,  960-972;  in  mor- 
tars, 960 ;  in  rotating  barrels,  960, 
961 ;  in  Hungarian  mills,  961-966 ; 
in  pans,  966,  967  ;  with  amalgamated 
plates,  967-972  ;  by  DesignoUe's  pro- 
cess, 972 ;  treatment  of  gold  amal- 

Sam,  972  et  seq. 
gamators,  gold  amalgamation 
969-972;  of  Atwood,   969-971 
Paul,  971 ;  of  Crosby,  971,  972 

American    reverberatory     furnace 

copper-smelting,  176,  177*-180* ; 
costs  of  working,  &c.,  186,  187; 
pyritic  smelting,  158  -165 

Ames,  see  Peters 

Ammonium  carbonate,  used  for  lixivia- 
tion  of  copper,  280 

Anaconda  Works,  Montana,  copper  matte 
produced  at,  167 ;  converter  prooesa 
at,  217*,  222,  227;  compoeition  of 
matte  and  blister  copper  at,  229 ; 
electrolytic  production  of  copper  at, 
350 

Andersen,  on  Washoe  process  at  Sheri- 
dan Mill,  810  n 

Anglo-German  process  of  copper  extrac- 
tion, 206 

Anode  slimes,  from  copper  prodoction, 
composition  of,  367,  912 

Antimonial  silver  (dyscrasite),  589 

Antimoniate  of  bismuth,  lead,  and  copper, 
action  on  copper,  6 

Antimony,  action  on  copper,  4,  5 ;  action 
on  cuprous  sulphide,  12 ;  removal  of, 
from  copper  ores,  27 ;  redoction  in 
smelting  of  copper  ores,  111  ;  dead- 
roasting  of  copper  matte  containing, 


GENERAL  INDEX 


1105 


145;  in  copper-refining,  229 ;  preci- 
pitation of,  by  iron,  282 ;  action  in 
electrolysis  of  copper  slimes,  344 ; 
effect  on  lead,  370 ;  elimination  of, 
in  refining  of  lead,  544  et  seq,  ;  com- 
pounds  with  silver,  585 ;  effect  on 
gold,  920 ;  parting  by  sulphide  of, 
1043 

Aqaa-regia,  gold-parting  by,  1054,  1055 

d'Arcet,  on  gold-parting  by  sulphuric 
acid,  1052-1055 

Arenta,  his  automatic  tap  in  lead-smelt- 
ing, 462,  463* 

Argentiferous  products  from  smelting, 
591 

Areentite,  localities  for,  589 

Arizona  Copper  Co.,  forehearths  used  by, 
126 

Arrastra  amalgamation  of  silver,  747, 
748%  749*,  762»,  763* 

Arsenic,  action  on  copper,  4,  5 ;  removal 
of,  from  copper  ores,  27  ;  reduction 
of,  in  smelting  copper  ores,  111  ; 
dead-roasting  of  matte  containing, 
145 ;  in  copper-refining,  229 ;  preci- 
pitation of,  oy  iron,  282  ;  removal  of, 
from  cement  copper,  326  ;  action  of, 
in  electrolysis  of  copper,  344;  re- 
moval of,  by  Borcher's  method,  362 ; 
effect  on  lead,  370 ;  in  smelting  pro- 
cess, 443  ;  removal  of,  in  refining  of 
lead,  544 ;  compounds  of  silver  with, 
585  ;  effect  on  gold,  920 

Arsenmehl,  495 

Ashbeck,  on  Russell  process  at  Sala,  897 

Ashcroft,  on  treatment  of  mixed  sulphide 
ores  for  lead,  569 

Atacamite,  localities  for,  16 

Atlanta  Mill,  Idaho,  pan  amalgamation 
at,  835 

Austen,  on  fuel  for  lead-smelting,  452  n 

Austin,  on  pyritic  copper-smelting,  159, 
162 

Augustin  process,  848-860 

Azurite,  localities  for,  14 


B 


Bagration,  on  solubility  of  gold  in 
potassium  cyanide,  101 1 

Baker's  blower,  116 ;  used  in  American 
lead  furnaces,  468 

Balbach  Works,  New  Jersey,  electrolytic 
production  of  copper  at,  350 ;  de- 
silverising  by  zinc  method,  646,  721 

Balbach,  his  apparatus  for  gold-parting, 
1082* 

Ball,  his  amalgamator,  972 

Baltimore  Copper  Smelting  and  Rolling 
Co.,  electrolytic  production  of  cop- 
per, 350,  366 

Barker's  method  of  gold  extraction,  1042 

Barrel  amalgamation  process,  826-830, 
961 

VOL.   1. 


Barrel  work,  270 

Bartlett's  process  for  air-reduction  of 
lead  in  hearths,  410  ;  for  prepara- 
tion of  pigment  containing  lead,  573 

Bartolom^  ae  Medina  introduced  Patio 
process  into  Mexico,  760 

Bear,  in  copper  smelting,  23,  113 

Beochi,  on  production  en  copper  chloride 
in  dry  way,  297 

Beck,  L.,  on  reactions  of  lead  silicate, 
377 

Becquerel,  on  melting  point  of  silver, 
578 ;  of  gold,  919 

Bede  Metal  Works,  precipitation  of 
copper  sulphide,  285  ;  production  of 
copper  chloride,  300*,  301*,  308, 
309*,  310* ;  precipitation  of  copper 
from  chloride,  322*,  323*,  324 

Begeer,  on  Transvaal  ores,  1020  n  ;  costs 
of  treatment  of  tailings,  1040  n ;  on 
Miller's  process,  1048  n 

Berdell  and  Witherell's  works,  Leadville, 
smelting  of  lead  carbonate  at,  523 

Beringuccio,  on  cementation,  1047 

Bernluirdt,  on  solubility  of  silver 
chloride,  583,  584 

Berrio,  Luis,  on  Patio  process,  760 

Berthelot,  on  melting  point  of  silver, 
578  ;  of  gold,  919 

Berthier,  on  reduction  of  copper  sulphide 
by  hydrogen  and  carbon,  12 ;  com- 
position of  kupferschiefer,  207 ; 
action  of  Ume  and  carbon  on  galena, 
445  ;  on  oxidation  of  lead  by  cuprous 
oxide,  695 

Bertrand  Mill,  Nevada,  Patera  process 
at,  861 

Bessemer  converters,  216,  217  ;  used  for 
smelting  copper  pyrites,  159 

Bessemer  process  for  copper  extraction, 
214 

Bettel,  on  MacArthur-Forrest  process, 
1014  71 

Bettv,  on  precipitation  of  gold  by  zinc- 
lead  couple,  1030 

Biharz  tables,  used  with  Hungarian 
amalgamators,  966 

Bimetallic  Smelting  Co's.  works,  pyritic 
smelting  at,  159 

Binfeldshammerhiitte,  the,  Stolberg,  the 
French  process  of  lead  extraction, 
407 ;  pattinsonising  at,  632 ;  dis- 
tillation of  zinc  scums,  670 

Bisilicates,  formation  of,  in  smelting 
copper  ores,  1 13 

Bismuth,  action  on  copper,  4  ;  action  in 

electrolysis  of  copper  slimes,  343; 

effect  on  lead,  371 ;  elimination  of, 

in  refining  lead,  543 ;  effect  on  gold, 

920 

Bitumen,  removal  of,  from  cupriferous 
schists,  40 

Black  Bear  Mine,  Klamath  Co. ,  composi- 
tion of  concentrates  from  Frue  van- 
ners,  976 
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Black-Etard,  hm  process  for  extraction 
of  gold,  1041 

Blake,  his  furnace  for  roasting  pyriti- 
ferous  zinc  blende,  103  ;  on  t«Bts  for 
cupellation  process,  719  n 

Blast  furnace,  for  copper  smelting,  19 ; 
for  lead  smelting,  456  ;  construction 
of,  461-469 ;  older  forms  of,  470-474  ; 
recent  forms  of,  474-487  ;  smelting 
process,  487-489;  products  from, 
489-491 

Bleiasche,  371 

Bleiberg  process  of  lead  extraction,  406*, 
407 

Bleidreck,  536 

Bleiglatte,  8ee  Litharee 

Blicksilber,  composition  of,  709  $  refining 
of,  725-731 ;  treatment  for  gold  at 
Oker,  1044 

Blister  copper,  composition  of,  196 

Blomeke,  on  Goepner-Diehl  process, 
1035  n 

Blowers,  see  under  Root's,  Baker's, 
Kapsel,  Enke 

Blue  Billy,  317 

Blue  metal,  19,  153;  composition  of, 
200 

Bodlander,  on  reactions  of  lead  sulphide, 
375  n  ;  solution  of  gold  in  potassium 
cj'anide,  1011,  1013 

Boliche  furnace,  400 

Borcbers,  on  Marchese  process,  340  n  ;  on 
electrolysis,  343;  on  baths  for  electro- 
lytic production  of  copper  at  Goslar, 
352,  353*,  354*,  355*  ;  on  circulation 
of  the  electrolyte,  356,  357*,  358*, 
362 ;  on  Moebius'  process  of  gold* 
parting,  1078  n,  1080  n 

Bom,  on  the  barrel  amalgamation  pro- 
cess, 826 

Bomite  (erubescite),  localities  for,  15 

Boss  process  of  silver  extraction,  811-813 

Boston  and  Colorado  Smelting  Co.,  at 
Black  Hawk,  Augustin  process  used 
by,  856  ;  Ziervogel  process,  906 

Boston  and  Montana  Copper  and  Silver 
Co.,  electrolytic  production  of  cop- 
per, 350 

Bottoms,  formation  of,  192,  199;  treat- 
ment of,  203-205 

Boudehen,  on  mechanical  pattinsonising, 
634 

Bouhv,  on  Carinlhian  process  at  Engis, 
39171 

Boulder  Smelting  Co.,  pyritic  smelting 
by,  159 

Bournonite,  localities,  16 

Boussingault,  on  Patio  process,  771  ;  on 
cementation,  1047  n 

Bo  wring,  on  Patio  process,  771 

Brand,  on  action  of  antimony  on  copper, 
5 ;  separation  of  arsenic  from  spongy 
copper,  362  n 

Brauning,  on  production  of  copper 
chloride  in  dry  way,  298  ;  composi- 


tion  of  ores   used    in   the  process, 

303  9i 
Bredberg,  on  shaft  furnaces  for  smelting 

copper  ores,  115  ;  on  reactions  of  lead 

sulphide,  373 
Bridgeport  Copper  Co. ,  electrolytic  pro- 
duction of  copper  by,  350 
Brillenofen,  118  ;  used  in  smelting  coarse 

copper,  149 
Broadheisul,    on    Carinthian    process    in 

America,  393  7i 
Broken  Hill  Proprietary  Co.,  smelting 

lead  carbonate  at,  525 
Bromination  Mill,  Dakota,  treatment  of 

gold  ores  at,  1009 
Bromine,  extraction  of  gold  by  means  of, 

1007 
Bromite,  localities  for,  590 
Brown-Allen  furnace,  80*  (^e  O'Karra) 
Brown  horse-shoe  furnace,  for  calcining 

copper  ores,  98*,  101 ;  for  lead  ores, 

440 
Brtickner    furnace,    for    calcination    of 

copper  ores,    103,  104*,    of    copper 

matte,  148  ;  for  roasting  of  lead  ores, 

441,  of  lead  matte,  491 ;  for  chlori- 

dising-roasting  of  silver  ores,  822 
Brunton's  calciner  for  tin  ores  containing 

arsenical  pyrites,  101 
Buff-Dunlop,  on  process  of  leaching,  284 
Bunker  Hill  Mine,  California,  chbrina- 

tion  of  gold  ore  at,  990 
Bunsen,  on  specific  heat  of  silver,  578 
Butte  and  Boston  Mining  Co.,  Montana, 

Brown- Allen  furnace  at,  81 
BuriT  Port  Works,  hearths  of  smelting 

furnaces  at,  183 
Butters  and  Clennell,  on  the  MacArthur- 

Forrest    process,    1010  n,   1014  n  et 

eeq. 


Cabell- Whitehead  process  for  extraction 

of  silver  from  anode  slimes,  913 
Cadmium,  effect  on  gold,  920 
Casniardelle  blowing  machine,  117 
CaHlot's  Mine,  California,  chlorination  of 

gold  ore  at,  984 
Calamine,  Furnace-,  formation  of,  112, 

446 
Calcium  thiosnlphate,  as  solvent  for  gold, 

861 
Calcium  sulphide,  precipitation  of  silver 

by,  879 
Caldecott,    on    precipitation    of    gold, 

1028  n 
Califomian  stamp-mill,  786* 
California  Mill,  Virginia  City,  Washoe 

process  at,  784 
Calverite,  927 
Calvert,    on    thermal    conductivity 

silver,  578 ;  of  gold,  920 
Canby,  on  composition  of  lead  slags. 
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Carbon,  action  on  copper,  5  ;  on  cuprous 

oxide,   8  ;  on   cupric  oxide,   9 ;   on 

copper  sulphate,  13  ;  reactions  with 

lead  compounds,  372,  376,  377 
Carinthian  process  of  lead-extraction  by 

air-reduction,  385-387  ;  at  Bleiberg, 

387,  388*  ;  in  America,  392*,  393 
Carnellv  and  Williams,  on  boiling  point 

of  lead,  370 
Carpenter,  on  gold-parting  by  pyrites, 

1046 
Carter,  on  precipitation   of  gold,  1030, 

1034 
Cassel,   his  methods  for  extraction    of 

gold,  1008,  1041 
Cassius,  purple  of,  gold  in,  919 
Cazin,  on  melting  point  of  silver,  578 
Cazo,  process  of  silver  extraction,  750- 

752 
Cement,  gold-bearing  gravel,  941 
Cement,  copper,  326 
Cementation,  or  parting  of  gold  by  salt, 

1047 
Cerussite,  localities  for,  379 
Chalcanthite,  localities  for,  16 
ChalcDcite,  or  copper  glance,  localities, 

15 
Chalcopyrite,  see  Copper  pyrites 
Chance,  on  precipitation  of  copper  by 

residues    of    Leblanc    soda    works, 

285 
Chessylite,  see  Azurite 
Chicago  Copper  Refining  Co.,  electrolytic 

production  of  copper  at.  350 
Chilian   mill  for  the  Krohnke  process, 

754* 
Chlorides,  solubility  of  the  various,  584 
Chloride   Porint    Mine,    Utah,    cyanide 

method  for  extraction  of  silver  at, 

909 
Chloride  of  sulphur  process  for  extraction 

of  gold,  1041 
ChloricUsing-roasting  of  silver  ore,  819- 

826 
Chlorination  of  cupriferous  pyrites,  102 ; 

of  gold  ores,  977-981 
Chlorine,  action  on  silver,  579 
Chlorine    gas,    gold-parting    by,    1048- 

1051 
Christy,  on  calcination  of  gold  ores,  978 ; 

solution  of  ^old  in  potassium  cyanide, 

1012;  precipitation  of  gold,    1026; 

on   Siemens  and  Halake's  method, 

1031  ;    his    precipitation    process, 

1037 
Chrysocolla,  localities,  16 
Clapham,  on  production  of  chloride  of 

copper  in  dry  way,  298 
Clark  Mill,  Rochester,  Montana,   Mac- 
Arthur-Forrest  process  at,  1026 
Claudet's  process,  898 
Clement,  on  Patio  process,  769 
Ciemes,  on  chloridising- roasting  of  silver 

ores,  821 ;  on  Patera  process,  866  n ; 
on  silver  precipitation,  881 


Close  regulus,  199 

Coarse  copper,  composition  of,  150 

Coarse  metal,  smelting  copper  matte 
for,  165-188;  smelting,  for  white 
metal,  189-192;  methods  of  work- 
ing, 198-203 

Cobalt,  action  in  electrolysis  of  copper 
slimes,  344 

Cockle  Creek,  Ashcroft's  process  tried  at, 
571 

Cold-shortness,  causes  of,  in  copper, 
3,4 

Collins,  on  charge  for  Boliche  furnace, 
400 ;  on  lead-smelting  at  Port  Ade- 
laide, 503  n ;  on  pan-amalgamation, 
838  n  ;  tina-amalgamation,  841  n ;  on 
Patera  process,  866  n ;  composition 
of  precipitated  silver  sulphiae,  884; 
on  Kussell  process,  892 ;  analysis  of 
matte  used  in  Ziervogel  process, 
906  n ;  Washoe  process  at  Idaho, 
810  n;  on  chlondising-roasting  of 
silver  ores,  820 

Colorado  City  Chlorination  Works,  treat- 
ment of  gold  ores  at,  993 

Combination  Mining  and  Milling  Co., 
silver  extraction  at.  811 

Combination  pan,  for  Washoe  process, 
795* 

Combination  process  of  silver  extraction, 
810,  811 

Comstock  lode,  the  Washoe  process  used 
for  ores  from,  783  et  «eq. 

Consolidated  Kansas  City  Smelting  and 
Refining  Co. ,  lead  smelting  by,  524 : 
composition  of  refined  market  lead 
from,  568 ;  silver  extraction  at,  740- 
742 

Consolidated  Virginia  Mill,  Washoe  pro- 
cess at,  784  et  sea. 

Converter  process  of  copper  extraction, 
214-234 

Cookson  on  Rozan  process,  641 

Copper,  physical  properties,  1-7  ;  chemi- 
cal properties,  7,  8 ;  reactions  of 
compounds,  8-14;  ores  and  their 
localities,  14-16 ;  artificial  products 
of,  16 ;  methods  of  extraction,  17 
Extrarti(m  of  Copper  by  Dry  Methods^ 
17-272;  German  process,  26-158; 
calcination  of  ores,  27-30 ;  normal 
heap-roasting,  31-36;  kernel-roast- 
ing, 36-39;  heap-roasting  of  fines, 
39,  40 ;  removal  of  bitumen  by  heap- 
roasting,  40 ;  calcining  in  stalls,  40- 
47 ;  in  shaft  furnaces,  47-52 ;  in 
kilns,  52-55  ;  calcination  of  ore  fines 
in  shaft  furnaces,  52-73,  in  rever- 
beratory  furnaces,  73-106,  in  nmille 
furnaces,  106-110  ;  smelting  for 
matte,  110-144;  calcination  of  matte, 
114-148  ;  smelting  of  calcined  matte 
for  coarse  copper,  149-152 ;  smelting 
with  concentration  of  matte,  152^ 
155;  examples,  155-158 
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American  process   of    smelting,    158- 

165 
English  process  of  smelting,  165-188 ; 
calcining    ores,    167-170;    smelting 
calcined  ore  in  reverberatory  fur- 
naces, 170-188 ;  calcination  of  coarse 
metal,  188,  189;  smelting  calcined 
coarse    metal,     189-192;    smelting 
white  metal,  192-198  ;  treatment  of 
coarse  metal  for  coarse  copper,  198- 
203 ;  treatment  of  copper  oottomft, 
203,  204  ;  examples,  205,  206 
Anglo-German  process,  206-214 
Bessemer  or  converter  process,  214- 

234 
extraction  of,  from  oxides  and  salts 
of,  and  from  ores  containing  native 
copper,  234-237 
purihcation  of  coarse  copper  in  dry 
way,  237}  238  ;  by  separate  refining 
and  toughening,  238-248;  purifica- 
tion in    refining    hearth,   248-249 ; 
refining  by  English    process,   249- 
272;  casting  copper,  260-266;  im- 
purities in  refined  coppers,  267-272 
Extraction  by  Wet  Methods,  272-327 ; 
from  oxide  and  carbonate  ores,  273 ; 
solution  of,  273 ;  lixiviation  by  means 
of  sulphuric  acid,  274-275,  of  hydro- 
chloric acid,  276,  276,    with  other 
solvents,  276-280;  precipitation  of 
copper,  280-283 
extraction  from  ores  that  contain  it  as 
sulphate,  283-285,  as  sulphide,  285- 
313  ;  transformation  of  sulphide  into 
sulphate,  286-293,  into  oxide,  293, 
into  chloride,   293-313 ;    dissolving 
copper  from  ores,  313-318 ;  solution 
of  sulphate,  313,  314,  of  oxide,  314, 
of  chloride,  314-318 
precipitation  of  copper  from  solutions, 
318-325 ;  from  solution  of  sulphate, 
318-321 ;  of  chloride,  321-325 
conversion  of  cement  copper  into  mer- 
chantable copper,  326,  327 
Extraction    by    Efectro  -  Metallurgical 
Methods,  327-369;  from  ores,  328- 
337 ;   from  mattes,   337-341  ;  from 
alloys,  341-367 
electrolytic  copper,  368 ;   preparation 
of  manufactured  articles  by  electro- 
lysis, 368,  369 
Effect  of  copper  on  lead,  371 ;  on  silver 
sulphide,  582  ;  effect  on  gold,  920 
Copper,  cement,  286  ;    composition  of, 
324,  325 ;  conversion  into  merchant- 
able copper,  326 
Copper  glance,  see  Chalcocite 
Copper  matte,    10 ;  roasting  in  heaps, 
144-146;    in    stalls,    146,    147;    in 
shaft  furnaces,  147,  148 ;  in  rever- 
beratory   furnaces,     148,    149  ;    in 
muHle  furnaces,  149 ;  rohstein  from 
copper-smelting  by  German  process, 
156,  157 ;  concentration  of,  in  Welsh 


process,    199 ;    enrichment    of,    in 
converters,   228-231  ;  extraction   of 
copper  from,  by  electrolysis,  337- 
341 
Copper   mica,   influence    on    copper,  6 ; 

composition,  240 
Copper,  Moss-,  formation  of,  151 
Copper  pyrites  or  chaloopyrite,  localities 

for,  15 
Copper,  Rosette-,  241 
Copper-scale,  formation  of,  7 
Copper    slag,    composition    of   various 
samples  of,  151,  154,  190,  191,  268 
Copper  vitriol,  see  Chalanthite 
Copper  Queen   Mine,  Bisbee,   Arizona, 
converter  at,  224,  225* ;  output  of 
copper  from,   231 ;   composition    of 
slags  from,  236 
Cordurid  process,  for  treatment  of  zinc 

scums,  676 
Cornish  process  of  lead  extraction,  394 
Cortez  Mills,    Nevada,   Patera  process 

at,  862,  866 
Courtney,  on  weathering  of  copper  ores 

at  Tharsis,  287 
Cousino,  firm  of,   at   Lota,  Chili,   con- 
verters used  by,  232 
Covellite    or   indigo    copper,    localities 

for,  16 
Cowper-Coles,  on    treatment  of  mixed 
sulphide    ores  for    lead,    672 ;    on 
electrolytic    precipitation    of  gold, 
1034 
Cradle  gold-washer,  930,  931* 
Crawford  mill  for  gold   amalgamation, 

946,  947* 
Crell,    on     gold-parting     by    sulphur^ 

1046  n 
Croesus     Works,    Transvaal,    Siemens 

and  Halske  process  at,  1032 
Crooke  process  of  leading  silver  matte, 

608 
Crosby's  amalgamators/  971 
Crown    Beef    Co.,    Mac  Arthur-Forrest 

process  used  by,  1022 
Crucible  hearth,  see  Tiegelofen 
Cupellation  of  rich  zinc  scums,  675 ;  of 
argentiferous     lead,    693-725;     in 
German  furnace,  696-711,  without 
addition     of    lead,    711-714,    with 
additions    of   lead,    714,    715;    in 
English  furnace,  715-725 
Cupric  chloride,   CuCl^,  chemical  reac- 
tions and  electrolysis  of,  13;  pro- 
duction from  sulphide,   294;    solu- 
tion of  copper  as,  314-318 ;  precipi- 
tation of  copper  from,  ^1. 
oxide,       CuO,      from      copper,      7 ; 
chemical  reactions  of,  9;  action  on 
cupric    chloride,    13 ;    solution    of 
copper  as,  314 
sulphate,  CUSO4,  dhemical  reactions  and 
electrolysis  of,  13  ;  solution  of  oopper 
as,  283;  precipitation  of  copper  from, 
318 
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Sulphide,   CuS,   chemical  reactions 
of,  10-12 
Cupriferoas  artificial  products,  16 
Cuprite,  Cu^O,  localities  for,  14 
Cuprous     Chloride,     Cu^CIo,     chemical 
reactions  of,  13 ;  electrolysis  of,  14 ; 
solution  of  copper  as,  314-318  ;  pre- 
cipitation of  copper  from,  318 
oxide,     CujO,      absorption    of,      by 
molten    copper,    3 ;     effect    of,  on 
copper,  3  ;  chemical  reactions  of,  8  ; 
action    on    cuprous    sulphide,    11  ; 
used  in  purifying  electrolyte,   361 
sulphide,    CusS,     action    on    copper, 
5 ;    chemical  reactions    of,    10-12 ; 
electrolysis  of,  12  ;  action  on  copper 
sulphate,  13 
Curtis,  W.  M.,  on  solubility  of  various 
chlorides,   584 ;    on  Augustin  pro- 
cess, 849 
Cyanide,  method  for  extraction  of  silver, 

909-912 
Cycloid  blower,   used  in  America  and 
Australia,  468 


D 


Daarlinge,  623 

Dachberg,   a  non-bituminous  limestone, 

207 
Davies,  on  production  of  work-lead  from 

speiss,  618 
Davis,    process    of   precipitating    gold, 

996,997 
David,   converters  of,  224,  232*,  233* ; 

see  also  Manh^s 
Debray,  on  reaction  of  silver  oxide,  580, 

695 
Deetken,   on  chlorination  of  gold  ore, 

986  ;  on  Plattner^s  process,  974 
De  Lamar  Mill,  Idaho,  Washoe  process 

at,  810 
Delano  Mill,  chlorination  of  gold  ores, 

990-993;  precipitation  of  gold  at, 

998 
De  Launay,  on  Transvaal  ores,  1020  iu 
Dense  poling  of  copper,  257 
DesignoUe's   process    of    amalgamation, 

743,841 
Despretz,    on    thermal  conductivity  of 

silver,  578 ;  of  gold,  920 
Dewey,  on  Jumbo  furnace,  415  n. 
Dewey -Walter  process  of  gold  precipita- 
tion, 885-887 
Diez,  on  composition  of  ancient  Lauriunc 

slags,  531 
Dixon,  on  solution  of  gold  in  potassium 

cyanide,  1010 
Ddtsch  process  of  formation  of  copper 

chloride,  294 
Douglas,  his  furnace  for  calcining  copper 

ores,  108,  109*  ;  on  output  of  copper 

from  converter  at  Bisbee,  231  ;  see 

also  Hunt 


Down,  on   precipitation  of  arsenic  and 

antimony  by  iron,  282 
Draught  furnaces  for  smelting  lead  ores, 

453.  454*,  455* 
Drumlumman     Mill,     Montana,      gold 

amalgamation  at,  967 
Drying  (Darren)  process,  622-624 
Dulong,  on  specific  heat  of  gold,  920 
Dumoulin,    on    preparation    of    copper 

articles  by  electrolysis,  368 
Dunnstein,  149-151 
Dunoneant,  see  Knitwig 
Diirre,  on  Crawford  mill,  946  n. 
Dust    furnaces    for    roasting    powdered 

lead  ores,  428 
Dyscrasite,  localities  for,  589 


K 


Eokart     Works,    the,     Mansfeld,    pro- 
duction of  work -lead  at,  533 

Edelmann,  on  production  of  zinc-silver 
alloy  from  work-lead,  642,  688 

Edward  Morrison  Consolidated  Mining 
Co. ,  at  Zacetecas,  764 

Egleston,  on  effect  of  tellurium  on 
copper,  5  ;  on  patio  process,  771  n.  ; 
on  Stevenson  pan,  795  n. ;  Cali- 
fomian  stamp  mill,  798 ;  treatment 
of  silver  amalgam,  803,  804 ; 
Washoe  process,  807,  809 ;  stamp 
mills,  818 ;  chloridisins  roasting  of 
silver  ores,  825,  826  ;  Ziervogel  pro- 
cess, 909 ;  hydraulic  mining,  936  ; 
Plattner's  process,  977,  978 ;  gold 
refining,  1058  n, 

Eilers,  on  composition  of  slag  from 
American  lead  smelting  works,  450 

Eissler,  on  blast  furnace  for  lead  smelt- 
ing, 458  n.  ;  on  Miller's  process, 
1048  71. 

Electrolysis :  effect  on  impure  copper, 
8 ;  on  cuprous  sulphide,  12 ;  on 
chloride  and  sulphate  of  copper,  13, 
14 ;  methods  of  copper  extrac- 
tion by,  17 ;  extraction  of  copper 
from  ores,  328-337 ;  from  mattes, 
337-341  ;  from  alloys,  341-367 ; 
refining  of  lead  by,  544 ;  of  silver, 
912-918 ;  parting  of  gold  by,  1077 

Elkincton,  extraction  of  copper  from  its 
alloys,  341 ;  electrolysis  of  cyanide 
solutions  of  gold,  1010 

Ellerhausen,  on  process  of  treatment  of 
mixed  ores  for  lead,  570 

Ellesmore  Port,  Fry's  process  for  treat- 
ment of  mixed  lead  ores  at,  570 

Elliot  metal  works,  Wales,  firehearths 
used  at,  126 ;  hearths  of  furnaces 
at,  183 

Elmore,  method  for  preparation  of  manu- 
factured copper  articles  by  electro- 
lysis, 368 
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Eisner,'  on  volatility  of  gold,  919 ;  on 
solubility  of  gold  in  potassium 
cyanide,  1010-1012 

Embolite,  localities  of,  591 

Enargite,  localities,  &c.,  16 

English  process  of  copper  smelting, 
165-206 ;  calcining  the  ores,  167- 
170;  smelting  calcined  ores,  170- 
188 ;  calcination  of  coarse  copper, 
188,  189 ;  smelting  coarse  copper, 
189-192;  smelting  white  metal, 
192-196 ;  the  direct  process,  196- 
198 ;  with  repeated  concentration 
process,  198-203 ;  treatment  of 
copper  bottoms,  203,  204  ;  examples 
of,  205,  206  {ftee  Anglo-German  pro- 
cess); of  extraction  of  lead  by  air- 
reduction,  393-400;  furnaces  for, 
395*,  396*  ;  localities  used  in,  397 

English  calciner  for  copper  extraction, 
168*,  169* ;  for  oupellation  of  argen- 
tiferous lead,  715  e^  aeq, 

Enke  precision  blower,  468 

Erubescite,  see  Bomite,  15 

Eureka  Consolidated  Works,  Nevada, 
production  of  work-lead  from  speiss, 
618 ;  Rozan  process  at,  640 

Eureka  and  Idaho  Mine,  composition  of 
concentrates  from  Frue  vanners  at, 
976 

Eureka  rubber,  for  gold  amalgamation 
process,  968*,  969 

Extra  solution  in  Russell's  process,  892 


Faber  du  Faur,  his  furnace  for  distilla- 
tion of  zinc  scums,  665,  666* 

Fahlore  or  tetrahedrite,  localities,  16, 590 

Faraday,  on  solubility  of  gold  in  potas- 
sium cyanide,  101 1 

Farbaky,  on  leading  of  mattes  at 
Zalantha,  616  n 

Ferraris,  on  lead  smelting  process,  504, 505 

Ferric  chloride,  FeCls,  action  of  cupric 
oxide,  9 ;  on  cuprous  sulphide,  11  ; 
sulphate,  Fe2(S04)3,  action  on  cupric 
oxide,  9 ;  on  cuprous  sulphide,  12 ; 
as  solvent  for  copper,  280 

Ferrous  chloride,  FeCl,,  action  on  cupric 
oxide,  9 ;  on  cuprous  sulphide,  12 ; 
lixiviation  of  copper  with  solutions 
containing,  276 
sulphate,  FeS04,  action  on  auric  chlo- 
ride, 995 

Fine  metal,  19 

Flach  and  Sieger,  on  smelting  zinc 
scums  with  iron  slags  in  blast  fur- 
nace, 675 

Flapping,  on  scorification  of  lake  copper, 
271 

Float  gold,  935 

Flouring  of  mercury,  745 

Flowing  furnace,  394 


Flue  dust  from  copper  converter  process, 
composition  of,  269 

Fohr,  on  refining  of  blicksilber,  726  ;  on 
extraction  of  gold  by  bromine,  1007 

Fondon,  used  in  Cazo  process  of  silver 
extraction,  761* 

Forehearths,  furnaces  with  independent, 
see  Spurofen ;  furnaces  with  fixed, 
see  Sumpfofen ;  furnaces  without, 
see  Tiegelofen 

Fortschaufelungsofen,  74,  75*  ;  for  cal- 
cination of  copper  ores,  77  ;  used  at 
Friedrichshilt  te,  401 ;  for  roasting 
lead  ores,  432*,  433*  ;  for  chlori- 
disins  roasting  of  silver  ores,  821 

Francke-Tina  process,  838-841 

Franz,  on  thermal  conductivity  of  lead, 
370 ;  of  gold,  920 

Frazer  and  Chalmers,  Chicago,  builders 
of  Brown-Allen  furnace,  78 ;  of 
Brown  horseshoe  furnace,  99;  of 
Bruckner  furnace,  104 ;  Chilian 
mills,  754 ;  arrastras,  764*,  765*  : 
plant  for  pan  amalgamation,  835*  ; 
their  st^imp  mills,  9M*,  955* 

Freiberfi^  lead  furnace,  see  Pilz  furnace  ; 
stall,  see  Wellner*s  stalls 

French  process  of  lead  extraction,  407- 
409 

Freshening  of  litharge,  534 

Friedrichshiitte  furnace,  the,  401,  402:* 

Fry,  process  for  treatment  of  Broken 
Hill  ores,  569 

Furnace  Calamine,  sec  Calamine 

Furnaces,  see  under  the  names  of  the 
various  kinds 

Fiizesd  Dreifaltigkeit  Mine,  the,  Boicasa  ; 
Laszlo  amalgamators  at,  964 


G 


Gaar-heerd,  refining  of  copper  in,  239* 

Gaar-kupfer,  or  dry  copper,  238 

Gaarmachen,  or  refining,  238 

Gaarspahn,  241 

Gagnon    Mine,   Butte,    composition    of 
copper  ore  concentrates  from,  97 

Galena,   composition  and  localities    of, 
378,  379 
extraction  of  lead  from,  381-143 
air-reduction  processes,  383-419 
in  reverberatory   furnaces,   385-387 ; 
the  Carinthian   process,    387-393 ; 
the   English  process,  393-400:   the 
Tamowitz  process,  400-405 ;  Blei- 
berg    process,    406,   407;    French, 
or  Brittany  process,  407-409  ;  smelt- 
ing in  hearths,  409-419 
roasting   and    carbon   reduction  pro* 
cess,  419-443 

Ganelin,  on  smelting  of  mixed  sulphide 
ores  for  lead,  570 

Garfield  Mill,   Calico,  California,   Boss 
process  at,  813 
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Oeber,  on  cementation,  1047 

Gefassofen,  see  Mu0le  furnaces 

Geldenhuis  Estate  Mine,  stamp  mill 
amalgamation  at,  959 

Gellert,  on  Barrel  amalgamation  process, 
827 

Gelstharp,  on  precipitation  of  copper  by 
hydrogen  sulpnide,  284;  see  also 
Gibbs 

General  Custer  Mill,  Idaho,  pan  amal- 
gamation at,  835 

German  furnace,  for  cupellation  of  ar- 
gentiferous lead,  696  et  seq. 

German  gold  and  silver  parting  works, 
electrol^'tic  method  at  the,  1084 

German  process  of  copper  smelting,  26, 
152-158 

Germania  works,  Utah,  fuel  for  lead 
smelting  at,  452 ;  treatment  of  lead 
matte  at,  491 

Gerstenhofer  furnaces  for  copper  extrac- 
tion, 56*  ;  for  calcination  of  crushed 
matte,  148 ;  for  use  in  German 
process,  156  ;  for  calcination  of  ores 
preparatory  to  electrolytic  treat- 
ment, 330  ;  lead  ore  roasted  in,  429 

Gibb,  on  precipitation  of  arsenic  and 
antimony  from  copper  solution,  282 ; 
on  production  of  copper  chloride  in 
dry  way,  298 ;  furnace  for,  309, 
310*,  311*;  composition  of  ores 
treated,  311 ;  on  precipitation  of 
gold,  899 

Gibbs  and  Gelstharp,  their  calciner  for 
chloridising-roasting  of  copper 
residues,  102 ;  of  copper  ores,  308, 
309*,  310* 

Gilchrist,  suggested  use  for  basic  hearths 
in  treatment  of  copper  bottoms,  204 

Gill,  on  precipitation  of  copper  as  sul- 
phide, 284 

Globe  smelting  works,  Denver, 
Colorado,  O'Harra  furnace  for  roast- 
ing lead  ores  at,  439 ;  American 
lead  ores  at,  482,  483*,  485 

Gmehling,  on  patera  process,  864  n 

Gmelin,  on  Russell  process,  892 

Godshall  ou  chloridising-roasting  of 
silver  ores,  821,  826 ;  on  lixiviatiou 
of  silver,  879 

Goepner-Diehl,  his  process  for  precipita- 
tion of  gold,  1035 

Gold,  extraction  from  copper,  17 ;  at 
Wallaroo,  205;  at  Argo,  206;  be- 
haviour of,  in  electrolysis  of  copper 
slimes,  343 
physical  properties,  919-921 ;  chemical 
properties,  921-926 ;  ores,  926 ; 
alluvial  gold,  926 ;  native  gold, 
926-927  ;  compounds  with  tellurium, 
927,  928 ;  metallurgical  products 
containing  gold,  928 
extraction  of  gold,  928-930  ;  by  wash- 
ing, 930-932 ;  by  the  dry  way,  932- 
9SS;  in  form  of  an  amalgam,  934, 


935 ;  without  previous  crushing, 
935-941  ;  amalgamation  during 
crushing,  942-960  ;  amalgamation  of 
previously  crushed  material,  960- 
972;  treatment  of  gold  amalfi^am, 
972  ei  seq,  ;  extraction  of  gold  by 
means  of  aqueous  solutions,  974  ; 
Plattner  process,  974-977  ;  calcina- 
tion of  the  ores,  977-981 ;  chlorina- 
tion  of  the  gold,  972-994 ;  precipi- 
tation from  chloride  solutions,  9^~ 
1007 ;  extraction  by  means  of 
bromine,  1007-1009 
treatment  of  telluride  ores,  1010 ;  the 
MacArthur-Forrest  process,  1010- 
1026 ;  precipitation  of  the  gold; 
1026-1031  ;  electrolysis  precipita- 
tion, 1031-1036  ;  other  methods  of 
precipitation,  1037-1039;  treatment 
of  precipitated  gold,  1039-1040; 
Sulman-Teed  process,  1040 ;  Black- 
Etard  process,  1041  ;  chloride  of 
sulphur  process,  1041 
electro-metallurgical     extraction      of 

gold,  1041 
parting,  1042-1088 

m  the  dry  way,  1042,  1043 ;  by  Giiss 
and  Fluss,  1043,  1044 ;  by  litharge, 
1044,  1045 ;  by  sulphur  alone,  1045, 
1046 ;  by  cementation,  1047,  1048  ; 
by  Miller's  process,  1048-1051;  by 
pyrites,  1046-1047 
in  the  wet  way,  1051-1077 ;  by  nitric 
acid,  1051-1054  ;  by  nitric  acid  and 
aqua  regia,  1054, 1055 ;  by  sulphuric 
acid,  1&5-1057 ;  preparation  of  an 
alloy  suitable  for  parting,  1057- 
1060 ;  solution  of  saver  from  the 
alloy  with  sulphuric  acid,  1060- 
1064  ;  treatment  of  residue  for  gold, 
1064-1069 ;  recovery  of  the  silver, 
1069-1077. 
by  electrolysis,  1077  ;  parting  of  silver 
and  gold,  1077-1085  ;  of  cold  and 
platinam,  1085-1088;  refining  of 
gold,  1088-1090 

Gold,  amalgam,  924 

(iold,  alloys,  925,  926 

(void,  compounds,  oxides,  921,  924; 
chlorides,  922,  923 ;  bromides,  923  ; 
cyanides,  923  ;  sulphide,  924 

Golden  Gate  Mill,  Utah,  MacArthur- 
Forrest  process  at,  1025,  1030 

Golden  Reward  chlorination  works, 
Dakota,  chlorination  of  gold  ores, 
993  ;  precipitation  of  gold  from  solu- 
tion, 998,  1003 

Golden  Reward  works,  Deadwood,  ellip- 
tical horseshoe  furnace  used  at,  101 

Gottesbelohnungshiitte,  Hettstadt,  refin- 
ing of  copper  at,  249 ;  Ziervogel 
process  introduced  at,  899 

Goyden,  on  solution  of  gold  in  potassium 
cyanide,  1011 

Graham,  on  absorptiveness  of  gold,  920 
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Gramme  machines  used  in  electrolysis  of 
copper    solutions,    working   details 
for,  348 , 
Grahite    mountain    mill,   the,    Philips- 
burg,  pan-amalgamation  at,  835* 
Great  Falls  Copper   Works,  Montana, 

fore  hearths  used  at,  123 
Grillo  furnace,  for  zinc  calcination,  107 
Grothe,  on  dredging  for  gold,  941 
Griitzner,  on  patio  process,  771 
Gniner,  on  pattinsonising,  633,  636 
Gruson     Company,     the,     Masdeburg- 
Bruckau,  plant  for  electrolytic  ex- 
traction ol    copper,    332 ;    Laszlo, 
amalgamators  made  by,  963 
Gilrtz,  on  silver  sub-oxide,  580 
Guggenheim  Smelting  Co.,   electrolytic 

production  of  copper  by,  350 
Guss  and  Fluss,  gold-parting  by,  1043, 

1044 
Gussraffinad,  259 
Gutzkow,  on  gold  refining,  1058,  1068 


H 


Habet,  on  the  Bleiberg  process  of  lead 
extraction,  406  n 

Hacienda  de  San  Francisco,  Boss  process 
at,  813 

Hacienda  Nueva  Mine,  Fresnillo,  patio 
process  at,  782 

Hafod  Works,  Swansea,  Ziervogel 
process  at,  901 

Hahn,  on  composition  of  slag  from 
American  l^ul  works,  450 ;  on  solu- 
bility of  chlorides,  584 ;  on  Augustin 
process,  849 

Hall  Mine,  shaft  furnaces  for  smelting 
calcined  copper  ores,  116,  138 

Halsbriicke  Works,  Freiberg,  lead 
*  smelting  at,  494-500;  barrel  amal- 
gamation at,  827 

HalsKe,  see  Siemens 

Hammergaarmachen,  or  toughening,  238 

Hammond,  improved  Spence  furnace,  89 

Hampe,  on  specific  gnvity  of  copper 
and  its  aborptive  power  for  gases, 
1  ;  action  of  bismuth,  arsenic,  anti- 
mony, and  silicon  on  copper,  415 ; 
effect  of  salts  of  copper  on  copper, 
6,  7 ;  decomposition  of  sulphide  of 
copper  by  various  gases,  12  ;  forma- 
tion of  moss  copper,  151  ;  solution 
of  copper  by  cuprous  sulphide,  201  ; 
behaviour  of  copper  towards  me- 
thane, ethylene,  and  carbon,  260 ; 
efifect  of  copper  on  lead,  371 ;  on 
composition  of  work-lead  at  Claus- 
thal  and  Lau  then  thai,  514 ;  com- 
position oT  lead  matte,  515 ;  com- 
position of  Harz  lead  before  and 
after  refinine,  546, 552, 553  ;  refining 
blicksilber  by  Roessler's  process, 
730;  on  electrolysis  of  work-lead,  914 


Hanau  Works,  the,  Utah,  furnaces  for 

roastinff  lead  ores  at,  439;  water- 

jacketed  furnaces  at,  ^4 
Hannan's    Mine,   Boulder,    MacArthur- 

Forrest  process  at,  1024 
Hannay,  on  reactions  of  lead  sulphide, 

374 
Hard  metal,  a  tin-copper  alloy,  199 
Hare,  on  precipitation  of  gold,  996 
Hasenclever  furnace,  for  calcining  copper 

ores,  107,  108* ;  lead  ores  roasted  in 

at  Oker,  429 
Hasenclever  and  Helbie  furnace,  59* 
Hasse,  on  production  of  zinc-silver  alloys 

from    work-lead,   693  n ;   on  treat- 
ment of  anode  slimes,  917 
Hauch,    on    Hunt-Douglas    process    at 

Deva,  279 ;  on  the  patera  process, 

861 
Haupt,    on  production    of    chloride    of 

copper  in  dry  way,  297 
Haute-Feuille,  on  silver  oxide,  580,  695 
Haycock  and  Neville,  on  melting  point 

of  silver,  578 
Hayde,  Cornwall,  Cowper-Coles  prooess 

at,  572 
Hayden,  electrolytic  method  of  copper 

extraction,    349,    363,    364*,    366, 

368 
Heap,  matte,  35 
Heap  roasting,  of  copper  ores,  30;  of 

copper   matte,    145 ;    of  lead  ores, 

424-428  ;  of  lead  matte,  516 
Hearths,  air  reduction  prooess  for  lead 

extraction  in,  409-419 
Heberlein,   on   blast    furnace    for   lead 

smeltine,    458  n ;    on  smelting    at 

Pertusola,  503  n ;  zinc  desilvensins 

process,   643  n;  on  distribution  of 

tellurium  on  products  of  distillation 

of  zinc  scums,   674;  behaviour  on 

cupellation,    694  n,    723 ;   see   also 

Huntington 
Hegeler   and    Matthiesen     Works,    La 

Salle,  Illinois,  muffle  furnaces  used 

at,  108 
Hellot,  on  volatilisation  of  gold,  920 
Henderson,    on   production    of    copper 

chloride  in  dry  way,  297 
Hendrie's    translation    of    Theophilns, 

1045  n 
Henrich  furnaces,  for  smelling  calcined 

copper  ores,  117  ;  slags  from,  236 
Henry,  on  precipitation  of  gold,  996 
Herbertz  furnace.  454,  455* 
Hering,  composition  of  flue  dust  from 

Pribram,  439 
Hermann,  an  electrolyte  for  silver  bath, 

917 
Herreshof ,  modified  MacDougall  furnace, 

71, 72*  ;  furnaces  for  smelting  copper 

ores  at   Brooklyn,    117,    124,     138, 

140* 
High  furnaces  for  smelting  copper  ores, 

128 
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Highland  Mill,  Dakota,  stamp  mill 
amalgamation  at,  952*,  953 

Hinmann,  on  extraction  of  gold  by 
bromine,  1008 

Hittorf ,  on  electrolysis  of  gold  solutions, 
1086 

Hixon,  his  furnace  for  calcining  copper 
ores,  81,  82*;  on  gold  parting  by 
pyrites,  1046 

Hocking-Oxland  copper  furnace,  105, 
106^ 

Hopfner,  on  electrolytic  methods  of 
copper  extraction,  336,  337 

Hofmann,  on  lead  slags,  447  ;  on  slag 
pots,  488 ;  zinc  desilverising  process, 
643  n,  652 ;  chloridising  roasting  of 
silver  ores,  821 ;  on  patera  process, 
861 ;  his  revolving  tumace,  868* ; 
his  leaching  vat,  872,  873*  ;  on  pre- 
cipitation of  silver,  882;  on  Kiss 
process,  890  n 

Holden  Mill,  Asper,  Hetefcldt  furnace 
at,  869 ;  Dewey- Walter  process  at, 
887  ;  Russell  process  at,  896 

Holloway,  J.,  on  treatment  of  copper 
pyrites  in  converter,  158 

Homestake  Mill,  Dakota,  stamp  mills  at, 
956 

Hopewell  Works,  Missouri,  American 
water-cooled  hearth  at,  418 

Horn  pan,  for  silver  amalgamation,  794* 

Horn  silver,  localities  for,  590 

Howard,  his  stirrer,  653*,  654;  his 
alloy  press,  657,  661*,  662;  his 
centrifugal  amalgamator,  972 

Hungarian  nimace  u>r  copper  refining, 
243, 244*  ;  used  in  Augustin  process, 
857,  858*,  859* 

Hungarian  mills,  gold  amalgamation  in, 
961-966 

Hunt,  Sterry  and  Douglas,  use  of  ferrous 
chloride  as  solvent  for  copper  oxide, 
276,  278,  283,  293 

Huntington  Mill  for  gold  amalgamation, 
943^,944 

Huntington,  on  patio  process,  771 

Huntington  and  Heberlein,  method  of 
desulphurising  galena,  419,  442, 
443 ;  introduced  at  Mazarron  and 
Pertusola,  503 


Idaho  Mill,  California,  amalgamation  of 
gold  in  pans,  966  ;  with  plates,  968 ; 
in  Atwood's  amalgamators,  969 

Ihssen,  see  Krigar 

lies,  on  composition  of  flue  dust  from 
Przibram,  439  ;  of  slag  from  Ameri- 
can lead  works,  450 ;  on  Moebius' 
process  at  Denver,  1085 

Tiling,  on  zinc  desilverising  process,  651 

Indiso  copper,  nee  Corellite 

Ingalls,  on  Transvaal  ores,  1020  n 


Inauartation,  1051-1054 

loaito,  localities  for,  591 

Iridium,  effect  on  gold,  920 

Iron,  action  on  copper,  3  ;  on  silicates  of 
copper,  10 ;  on  copper  sulphide,  10  ; 
on  sulphate  and  cnloride  of  copper, 
13 ;  treatment  of  copper  ores  rich 
in,  24;  on  slagging  off,  110-114; 
precipitation  of  copper  by,  280; 
action  in  electrolysis  of  copper 
slimes,  344 ;  removal  from  copper 
solutions  by  Borcher's  method,  362  ; 
precipitation  of  silver  by,  899 

Iron-reduction  process  for  lead  extrac- 
tion, 505-522 ;  in  the  Upper  Harz; 
508-516 ;  combined  with  roasting  and 
carbon-reduction  process,  516-520 ; 
combined  with  smelting  of  oxidised 
ores,  521,  522 

Irvinston  Smelting  and  Refining  Co., 
electrolytic  production  of  copper  by, 
350 


James,  S.,  on  copper  sla^  produced  in 

Henrich  furnace  at  Clifton,  Arizona, 

236 
Jamesonite,  830 
Janin,    on    MacArthur-Forest    process, 

1010  n 
Jay  Gould  Mill,  Montana,  Boss  system 

at,  967 
Jenkins  and  Smith,  on  reactions  of  lead 

sulphide,  373  n,  374 
Johnson,    on    thermal    conductivity    of 

silver,  578  ;  of  gold,  920 
Johnson,  Matthey  and  Co.,  London,  in- 

quartation  practised  by,  1052 
Joplin,  preparation  of  pigment  contain- 
ing lead  and  zinc,  416,  573 
Jordan,    on    treatment    of    blicksilber, 

1044  71 
Jossa  and  Kumakoff,  on  the  Gavrilov 

works  at  Tomsk,  605 
Juhel,  designer  of  Maletra  furnace,  62 
Julius    Works,     Astfeld,     ttce     Herzog 

Juliushiitte  (Geographical  Index) 
Jumbo    hearth,    used    in    air-reduction 

process  of  lead  extraction,  411,  415*, 

416* 
Junge,   on  effect  of    bismuth   on  lead, 

371,    543 ;     on    zinc    desilverising 

process,  651 
Jurisch,  on  results  obtained  with  pyrites 

burners,  52 


K 


KahDmum,  on  the  volatility  of  copper,  2 
Kapsel  blower,  468 

Karsten,    on    compounds    of    lead    and 
copper  oxides,  9;   on  supposed  ab- 
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sorption  of  carbon  by  copper,  260 ; 
reduction  of  silver  chloride  by 
metals,  585 ;  desilvcrising  matter 
at  Fernezely,  617  ;  on  zinc  desilvcr- 
ising process,  643  ;  on  patio  process, 

777 

Kasentsefif,  on  gold  amalgam,  924 

Kast,  on  Pilz  furnace  used  in  iron-reduc- 
tion process,  509 

Keith,  on  lead  refining,  544  ;  on  electro- 
lytic extraction  of  silver,  914 

Keld  Head  Mining  Co.,  Scotch  hearths 
used  by,  417 

Keller,  on  action  of  bismuth  on  copper, 
4 ;  composition  of  copper  ores  at 
the  Parrot  Works,  Butte,  87  ;  in- 
fluence of  cuprous  oxide  on  the  con- 
ductivity of  copper,  260 ;  on  fuel 
used  in  copper  refining,  267 ;  com- 
position of  refined  converter  copper, 
268 ;  composition  of  electrolytic 
copper,  360 ;  impurities  in  copper 
used  for  electrical  purposes,  365 ; 
composition  of  anode  slimes,  367 ; 
of  electrolytic  copper,  368  ;  of  anode 
slimes  from  Anaconda,  912 

Keller,  Gaylord  and  Cole,  Spence 
furnace  designed  by,  67,  86 ; 
furnace  for  calcination  of  copper 
ores,  86* 

Kerargyrite,  see  Horn  Silver 

Kernel  roasting  of  copper  ores,  36,  37* 

Keswick  shaft  furnaces  for  smelting 
calcined  copper  ores,  116,  117 

Kiliani,  a  behaviour  of  impurities  during 
the  electrolysis  of  coarse  copper,  343, 
346 

Kilns  for  copper  roasting,  47,  53 

Kingzett,  see  Lunge 

Kiss  process,  for  silver  precipitation,  889, 
890 

Kloz,  on  furnace  for  smelting  lead  ores, 
480 

Knab,  on  calcination  of  copper  pyrites  for 
sulphate,  289  n  ;  on  composition  of 
cement  copper,  319  n;  on  specific 
gravity  of  lead,  370 

Knapp,  nee  Percy 

Kniest,  153,  154,  211 

Knottenerz,  smelted  at  Mechernich,  498 

Knox  pan,  802*,  966,  967 

Knutsen,  on  pyrite  smelting  process,  164 

Kochinke,  on  composition  of  Freiberg 
slags,  452  n ;  nistory  of  Freiberg 
shaft  furnaces,  474,  476  n 

Koenigshiitte,  Upper  Silesia,  production 
of  copper  chloride  in  dry  way  at, 
298  ;  muffled  furnaces  used  at,  312 

Kolle,  on  calcination  of  copper  pyrites 
for  sulphate,  289  n 

Kriitz-kupfer,  or  dross  copper,  247 

Kremnitz  United Caroli-  and  Stadt-mines, 
Huntington  mills  at,  946 

Krigar  and  Ihssen,  Hannover,  Kapsel 
blower  of,  468 


Krohnke,  his  process  of  silver  extraction, 
753-759 ;  on  reaction  in  the  torta, 
777 

Krummofen,  126,  456,  470 

Krntwig  and  Dunoneant,  on  roasting  of 
Pomaron  pyrites,  66 

Kuhlemann,  on  silver  extraction  process 
at  Freiberg  and  Altenau,  740 

Kupferschiefer,  copper  content  of,  40; 
smelting  of  at  Mansfeld,  113 ;  com- 
position of,  207 

Kurovsky,  Sigmund,  on  patera  and 
Augustin  processes,  853  n 

Kustel,  on  patera  process,  861 


Lamb,  on  Russell  process,  895 
Lampadius,  on  treatment  of  blicksilber 

for  gold,  1044  n 
Landsberg's  patent  retort  for  zinc  scorn 

distillation,  670 
Lang,  Herbert,  on  pyritic  smelting,  165 
Jjan^aagte    Estate    Mine,    MacArthur- 

Forrest  process  at,  1016 
Laszlo  amalgamators,  963,  964* 
Laur,  on  patio  process,  767  n,  769  n,  771, 

781 
Lead,  physical  properties,  370  ;  chemical 
properties,  371  ;  chemical  reactioiiB 
of  compounds,  371-377  ;  alloys,  378  ; 
ores,  378-^380  ;  production  of  metallic 
lead,  380  ;  extraction  from  ores,  381- 
528 
extraction  from   galena,  381-443,   me 

under  Galena 
air-reduction  process,  383-419 
roasting  and  carbon  reduction  process, 
419-&3 ;    smelting    calcined    ores, 
443-605 
iron-reduction  process,  505-521  ;  com- 
bined roasting  and  reduction,  and 
iron- reduction  process,    521  ;    com- 
bined   iron -reduction    process    and 
smelting  of  oxidised  ores,  521-523 
smelting   of  lead  carbonate,  523-528  ; 
smelting  of  lead  sulphate,   528  ;  of 
plnmbiferous  metallurgical  products, 
629-533  ;  of  bye-products,  533-542 
refining  of  lead,  542-564 
casting  of  refined  lead,  564-568 
smelting  of  intimate  mixtures  of  snl- 
phides  of  lead,  zinc  and  silver,  569- 
573;  the  production  of  marketable 
compounds  from  lead  ores,  573-577 
effect  on  gold,  920 ;  action  of  bismuth 
on,  543 
Lead  antimoniate,  chemical  reactions  of, 
377 
carbonate,  chemical  reactions  of,  377  ; 

extraction  of  lead  from,  523-528 
chloride,  reactions  of,  376,  377 
matte,    composition    of,     from    blast 
furnace,  490 ;  treatment  of,  491-493  ; 
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composition    of    at    Olausthal    and 
I^authenthal,  515  ;  smelting  of,  516- 
520,  530,  531. 
monoxide,  reactions  of,  371,  372,  see 

litharge 
silicate,  reactions  of,  377 
slags,  from  Lanselsheim  and  Goelar, 
494;  from  Lauthenthal  and  Claasthal, 
515  ;  smeltine  of,  516-520 
sulphate,  376 ;  localities  for,  379  ;  ex- 
traction of  lead  from,  528 
sulphide,  reactions  of,  372-376 
Lead,  Work-,  381 ;  from  Alexisbad,  com- 
position of,  514 ;  production  of,  from 
ores,  594-607  ;  from  rich  silver  ores, 
596,  597 ;   leading  in  crucibles  of, 
596  ;  production  of  silver-lead  alloys 
in  leaa  baths,  596,  597  ;  from  ores  of 
medium  silver  percentage,  597-601  ; 
from  poor  silver  ores,  602-607  ;  from 
metallurgicaLbye-products,  607-624 ; 
leading  of  mattes,  607-616  ;  desilver- 
ising  mattes  by  means  of  lead  and 
copper    conjointly,   616,    617 ;  pro- 
duction of  work-lead    from  speiss, 
617, 618  ;  desilverisation  of  alloys  by 
lead,  618  ;  liquation  process,   618, 
619;  production  of  work-lead  from 
other  metallurgical  products,  624 
concentration  of  silver  in,  624  et  mq.  ; 
Pattinson  process,  625-636  ;   Rozan 
process,   636-641  ;   desilverising  by 
zinc,  641-644 ;  production  of  silver- 
zinc-lead  alloy,  644  et  seq.  ;  desilver- 
ising process,  651-657  ;  liquation  of 
zinc  scums,  657-663  ;   treatment  of 
desilverised  lead,  663-665 ;  distilla- 
tion of  zinc  scums,  665-675 ;  smelt- 
ing rich  scums,  675 ;  cupellation  of 
zinc  scums,  675,  676;  oxidation  of 
zinc  by  steam,  676-679 ;  lixiviation 
of  zinc  oxide,  679  ;  extraction  of  zinc 
oxide,  679-687  ;  combined  Pattinson 
and  desilverising  process,  688  ;  pro- 
duction   of   zinc-silver    alloy    from 
work-lead,  688-693 
cupellation  of  argentiferous  lead,  693- 
725 ;   in  German  furnace,  696-711  ; 
without  additions  of  lead,  711-714; 
with  additions  of  lead,  714,  715  ;  hi 
English  furnace,  715-725;  refining 
of  blicksilber,  725-729 ;   extraction 
of  silver  by  conversion  into  a  silver- 
lead  alloy,  731  et  aeq. 
Leading  of  rich  silver  ores  in  crucibles, 
596 ;  of  silver  mattes,  607-619 ;  of 
argentiferous  copper,  619,  620 
Le  Chatelier,  on  melting  point  of  lead, 

370 
Ledebur,  influence  of  tin  on  copper,  3 
Legget,   method   of  treatment  of    gold 

slimes,  1029 
Leibius,   on    gold-parting    by  chlorine, 

1051 
Lenz,  on  Russell  process,  891 


Le  Play,  on  composition  of  matte  from 
smelting  coarse  metal,  187,  188 ;  on 
copper  contents  of  mattes  and  slags 
from  calcinins  white  metal,  190 ; 
composition  of  blister  copper  and 
roaster  slag,  196  ;  of  blue  metal  and 
moss  copper,  200 
Lexington  Mill,  Butte  City  ;  Stetefeldt's 
drying  furnace  at,  816 ;  chloridation 
of  silver  ores  at,  825,  826 ;  ores 
treated  by  pan  amalgamation  pro- 
cess at,  836 
Liebig  and  Eichhom,  furnace  for  zinc 

calcination,  107 
Litharge,   chemical    reactions    of,   372 ; 

smelting  of,  533-537 
Livingstone,  on  composition  of  slag  from 

American  lead  works,  450 
Llanelly,  S.  Wales,  Ellerhausen  process 
for  treatment  of  Broken  Hill  ores  at, 
570 
Lodin,  on  melting  point  of  lead  sulphide, 

373 
London,  Ganelin  process  tried  in,  571 
Lone  Elm  Mining    and  Smelting    Co., 

American  douole  furnace  at,  418 
Lone  Pine  Mine,  Montana,  combination 

process  of  silver  extraction,  811 
Long-bedded    calciner,    see   Fortschauf- 

elunffsofen 
Longmaid,  on     production    of    copper 

chloride  in  dry  way,  297 
Lossen,   C,   on  extraction  of    gold  by 

bromine,  1007 
Louis,  H.,  on  Califomian  stamp  mills, 

949  n,  952  n 
Low  furnaces,  for  smelting  calcined  cop- 
per ores,  128 
Luce,  see  Rozan  process,  636 
Lukis,  on  amalgamation  of  silver,  777 
Lunge,  on  pyrites  burners,  51,  67  ;  on 
production  of  copper  chloride  in  dry 
way,  298 
Lunge  and  Kingzett,  on  precipitation  of 
arsenic  and  antimony  from  copper 
solutions,  282 
Lynch,  liis  test  for  cupellation  process  of 
argentiferous  lead,  719* 


M 


MacArthur,  on  his  gold  extraction  pro- 
cess, 1010  71,  1014 

Mac  Arthur-Forrest  process  of  gold  ex- 
traction, 1010-1040  ;  solution  of  the 
gold,  1011-1026 ;  precipitation  of  the 
gold,   1026-1039 ;  treatment  of   the 

Brecipitated  gold,  1039,  1040 
*ougall  copper  furnace,  69,  70* 
Maclaurin^  on  solution  of  gold  in  potas- 
sium cyanide,  1011 
Magistral,  in  patio  process,  767 
Mauichite,  localities  for,  14 
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Maletra  furnace,  62,  66* 

Maltman's  Mine,  California,  chlorination 

of  gold  ore  at,  984 
Manchester  Canal,  works  built  on,  for 

treatment  of  Broken  Hill  ores,  569 
Manh^a  converter,  216* 
Manh^s  and  David,  cylindrical  converters 

of,  220,  223* 
Mann,  on  composition  of  flue  dust  from 

Przibram,  439 
Marchand    and    Scheerer,    on    specific 

graWty  of  copper,  1 
Marcbese,    extraction    of    copper    from 
matte   electrolytically,    337,    338*, 
339*,  340,  341 
Marsland  Clancy,  on  treatment  of  mixed 

sulphide  ores  for  lead,  572 
Marsac  Mills,  Utah,  Stetefeldt  furnace 
at,  869  ;  composition  of  precipitated 
silver    sulphide    at,    884 ;    Dewey, 
Walter,    process   at,    887;  Russell 
process  at,  895 
Mason,  on  inqnartation,  1053 
Mathiessen,  on  specific  gtavity  of  silver, 
578 ;  on    electrical  conductivity  of 
silver,  578,  of  gold,  920 
McCone,  pan  for  silver  amalgamation, 

795,  796* 
McKenzie  blower,  117 
Mears'  process  of  gold  chlorination,  989 
Melacouite,  localities  for,  14 
Menzler,  on  leading  of  silver  matte,  607 
Metallic     Extraction     Co.,    works     of, 
Colorado,    MacArthur-Forrest   pro- 
cess at,  1016,  1024 
Metastannic  acid,  use  in  purification  of 

copper  electrolyte,  361 
Miargyrite,  localities  for,  589 
Miller  process  of  gold-parting,  1048-1051 
Mixed  ores  at  Oker,  composition  of,  55 
Moebius,   his  process    of    treatment  of 
anode  slimes  for  gold,  913  ;  on  part- 
ing of  gold  by  electrolysis,  1077 
Moffat  hearth,  see  Jumbo  hearth 
Mohr,  B.,  on  treatment  of  mixed  sul- 
phide ores  for  lead,  572 
Molloy,  on  the  MacArthur-Forrest  pro- 
ess,  1010  n ;  on  precipitation  of  gold, 
1037 
Monnier,  on  calcination  of  copper  pyrites 

for  sulphate,  290 
Montana  Co.,  Ltd.,  Marysville,  combin- 
ation process  of  silver  extraction  at, 
811 ;    stamp-mill  amalgamation  at, 
954 
Montana  and  Idaho  Mining  and  Refining 

Co.,  copper  extraction  at,  159 
Montana  Ore  Purchasing  Co.,   Brown- 
Allen  furnace  used  at,  81 
Morgan's  plumbago  crucibles,  672 
Morse,  on  lixiviation  of  silver,  879 
Moss-copper,  composition  of,  200 
Moulds,  for  casting  copper,  261* 
Mount  Cory  Mill,  patera  process  at,  862 
Mourlot,    on   conversion    of    cupric    to 


cuprous  sulphide,   10 ;  on  chemical 
reactions  of  silver  sulphide,  581 

Muffle  furnaces,  for  calcination  of  copper 
ores,  106-110;  for  calcination  of 
copper  matte,  149 ;  for  production 
of  copper  chloride,  311-313;  for 
roasting  lead  ores,  424 ;  for  roasting 
sulphide  of  sold,  1001,  1002. 

Mulden  works,  Freiberg,  furnace  for  cal- 
cining .lead  ores  at,  434,  435* ;  Pilz 
f arnaces  at,  460 ;  smelting  lead  ore 
at,  494-500 ;  zinc  desilverising  pro- 
cess at,  656 

Multiple  system  in  electrolysis  of  copper 
solutions,  351-363 

MunktelPs  process  of  gold  chlorination, 
987 

Mtinster,  on  copper  mattes,  151 

Murray,  on  composition  of  slags  from 
American  lead  works,  450 


N 


Nagvagite,  927 

Napier,  on  composition  of  pimple  metal 
and  moss  copper,  200 ;  volatility  of 
gold,  919 
National  Works,  the  Chicago,  desilveris- 
ing by  zinc  method  at,  646 
Nebel,  electrolytic  method  of  gold-part- 

inff,  1081  ' 
Nelly  Bly  Works,  Boulder,  extraction  of 

gold  by  bromine  at,  1008 
Netto,  his  process  of  silver  extraction, 

910 
Neuendorf,  treatment  of  mixed  sulphide 

ores  for  lead,  572 
Neville,  see  Haycock 
Newbery*8  process  of  gold  chlorination, 

989 
New  England  Electrolytic  Copper  Co., 
electrolytic  production  of  copper  by, 
350 
Nichols  Chemical  Co.,  electrolytic  pro- 
duction of  copper  bv,  350 
Nicholson  Chemical  Works,  Brooklyn, 
Herreshof  furnace  used  at,  138 ;  con- 
verter process  at,  232 
Nickel,  action  in  electrolysis  of  copper 

slimes,  344 
Nickels,  on  action  of  some  halides  on 

J  sold,  921 
erschlagsarbeit,   see    iron-reduction 
process 
Nitnc  acid,   action  on  silver,   579;  on 
silver   sulphide,  583;    gold-parting 
by,  1054,  1056 
Nixon,  on  wet  extraction  of  copper  at 

.  Arkansas  Valley  Works,  279 
Normal  heap  roasting  of  copper  ores, 

33*,  34* ;  of  fines,  39 
North  Bloomfield  Mine,  Hydraulic  min- 
ing at,  939 
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Northern  Belle  Mill,  Nevada,  Sbetefeldt 

furnaces  at,  825 
North  Germany   Refinery,   the,  copper 

refining    at,   .348 ;    gold-parting  at, 

1085 


0 


OeBchger,  Mesdach  and  Co.,  Gramme 
machinea  used  in  copper  refining  by, 
348 

Ofenbnich,  420 

(yHarra  furnace,  used  for  copper  extrac- 
tion, 78,  79* ;  for  lead  ore  roasting, 
439 

0*Harra-Brown  furnace,  used  for  roasting 
lead  ores,  439 ;  for  silver  ores,  821 

Ohl,  on  refining  of  blicksilber,  726 

OUivier  and  Perret  copper  furnace,  60, 
61* 

Omaha  and  Grant  Smeltine  Works, 
Denver,  electrolytic  proauction  of 
copper  at,  350  ;  furnace  for  roasting 
lead  ores  at,  437  ;  rectangular  smelt- 
ing furnaces,  485  ;  lead  smeltine  at, 
5^ ;  desilverising  by  zinc  method, 
646,721 

Ontario  Mill,  Utah,  Stetefeldt  furnace 
at,  825 

Ordinary  solution  used  in  RusselFs  pro- 
cess, 892 

Ore  Knob  Mine,  Asche  County,  Colorado, 

Hunt  and  Douglas  process  at,  277 
Orford  Copper  Co. ,  forehearths  used  by, 

125 
Orford  furnaces,  116,  117,  134,  135* 
Osmium,  effect  on  gold,  920 
Over-poled  copper,  260 
Ozland,  on  cementation,  1047 


Pag«,    on    composition    of    slass    from 
American  lead  smelting  works,  450 

Pftu -amalgamation,  834-838 

Pans,  used  by  gold  prospectors,  930  n ; 
gold  amalgamation  in,  966,  967 

Farkes'  furnace  for  calcination  of  copper 
ores,  92,  93* 

Parrot  Works,  Butte,  Spence  furnace  at, 
67  ;  converters  at,  217*,  219 

Patio  process  of  silver  extraction,  759- 
782;  crushing  the  ores,  761-765; 
ilmalgamation  of  ffround  ore  in  the 
patio,  766-771 ;  chemical  reactions 
m  the  torta,  771-777  ;  separation  of 
the  amalgam,  777-781 ;  treatment 
of  amalffam,  781,  782 

Parkes'  desilverising  process,  643 

Parting  of  gold,  1042-1088  {see  under 
<4old) 

Patera  process,  860-869 


Patera,  on  Augustin  process,  849 
Pattinson's    desilverising    process,  545; 
description  of,  625  et  seq. 
hand-pattinsonising,   627-633 ;    me- 
chanical    pattinsonisinK,    633-636 ; 
combined  with  zinc  desilverising  pro- 
cess, 688 
Pauli,  on  extraction  of  gold  by  bromine 

at  the  Nelly  Bly  Works,  1008 
Paul's  amalgamators,  971 
Pearce,  on  design  of  Welsh  smelting  fur- 
naces, 174,  175,  181 ;  apparatus  for 
tapping  copper,  263 
Pearce  s  turret  furnace,  for  copper  ex- 
traction, 92,  94*,  97 ;  for  lead  ores, 
440 
Pedro,  Fernandez  de  Velasoo,  introducer 

of  patio  process  into  Peru,  760 
Pelatan-Cerici,  on  electrolytic  precipita- 
tion of  gold,  1034 
Pennsylvania  L^ead  Co.,  composition  of 

refined  market  lead  from,  568 
Pennsylvania   Salt   Manufacturing  Co., 
Natrona,    chloridising    roasting    of 
Spanish  ores  at,  313 ;  leaching  vats 
at,  318 
Percy,  on  composition  of  sea-sand  used 
in  furnaces  at  Swansea,  182 ;  on  re- 
actions of  lead  sulphide,  373 ;  com- 
position of  charge  for  lead  smeltine 
at  Holywell,  399 ;  on  process  of  lead 
extraction  on  Scotch  hearths,  416  n ; 
reaction  of  silver  sulphide,  582 ;  on 
patera  process,  861 ;  on  Plattner's 
process,   974;    on    precipitation    of 
gold,  996 ;  on  gold-parting  by  Guss 
and  Fluss,  1043  7( ;  by  sulphur,  1046  n ; 
on  cementation,  1047  n ;  on  Miller's 
process,   1048  n ;    on  inquartation, 
1052  n  ;  on  gold-refining,  1056 
Percy  and  Knapp,  on  action  of  silica  on 

copper  oxiae,  9 
Perrino,  on  calcination  of  copper  ores 

with  nitrate  of  iron,  292 
Pestarena  Mine,  arrastra  amalgamation 

at,  942 
Peters,  on  the  roasting  of  copper  ores, 
32,  35 ;  in  large  American  furnace, 
76 ;    on    Blake    furnace,    103 ;    on 
Bruckner  furnace,  104 ;  on  Doufflas 
furnace,  110;  on  water- jacketed  fur- 
naces, 120 ;  on   the   Herreshof  fur- 
nace,  124;  cost  of  copper  smelting 
ill  U.S.A.,   143;  on  calcination  of 
copper  mattes,  146 ;  on  pyritic  smelt- 
ing, 159,  162 ;  composition  of  slags 
and  mattes  from  the  English  process, 
167  ;  composition  of  sandstone  used 
in  the  hearths  of  the  Butte  smelting 
furnaces,    182 ;    on    drawing    slags, 
184 ;  on  converter  process,  227  ;  loss 
of  silver  in  converter  process,  230; 
analysis  of  slag  from  matte  smelting 
at  the  Parrot  works,  230 ;  on  costs 
of  production  of  copper  electrically 
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in  the  multiple  and  series  systems, 
351 
Peters,  Talbot  and  Ames,  on  results  of 
calcination  of  copper  in  Foilschauf- 
elung  furnaces,  77 ;  in  Spence 
furnaces,  89 ;.  on  Pearce  furnaces, 
97 
Pettenkofer,  on  inquartation,  1052  ;  on 

gold  refining,  1056 
Petit,  on  the  specific  heat  of  gold,  920 
Petzite,  927 

Pfannen-Schmied    process  of  gold-part- 
ing, 1044 
Phillips,  on  production  of  copper  chloride 
ill  dry  way,  297 

Phcenix  and  Haile  Mines,  N.  Carolina, 
chlorination  of  gold  at,  990 

Piccard,  his  amalgamator,  966 

Pilz  furnaces,  used  in  German  process  of 
copper  smelting,  156 ;  used  in  Tarno- 
witz  lead  process,  405 ;  for  lead 
smelting,  457 ;  at  Freiberg,  457, 
458,  468,  474,  475,  487  ;  for  smelting 
lead  matte,  492 ;  for  smelting 
mattes  and  slags,  531 ;  for  proiluc- 
tion  of  work-lead,  599 

Pimple  metal,  199,  200 
Plachmal,  1043 

Platinum,  action  in  electrolysis  of  copper 
slimes,  343 ;  effect  on  gold,  920 ; 
separation  from  gold,  1085 

Plattner,  on  solution  of  copper  by 
diinnEtein,  150  ;  on  the  roasting  and 
carbon-reduction  process,  419 ;  on 
treatment  of  lead  scums,  537 ;  on 
zinc-desilverising  process,  656  n ; 
on  hand-pattinsouising,  630  n ;  his 
furnace  for  cupellation  of  argenti- 
ferous lead,  703,  705*  ;  his  gold- 
extraction  process,  974-977 

Plumas  Eureka  Mill,  amalgamation  at, 
952 

Plymouth  Mine,  California,  chlorination 
of  gold  ores  at,  984 

Polybasite,  590 

Pood,  269  n. 

Pots,  for  refining  lead,  545-554 

Precipitation  of  copper,  284 ;  from 
copper  sulphate,  318-321 ;  from 
copper  chloride,  321-325  ;  of  silver, 
846-898  ;  of  gold,  1026-1041 

Prill,  112 

Priwoznik,  on  gold-parting  by  nitric 
acid  and  aqua  regia,  1054 

Probert,  on  blast  furnace  for  lead  smelt- 
ing, 458 

Proustite,  localities  for,  589 

Providence  Mill,  Nevada  City,  stamp 
mills  at,  957 ;  treatment  of  gold 
ores  at,  1004,  1005 

Pueblo  Smelting  and  Refinery  Co., 
Colorado,  leading  of  silver  matte  in, 
609 

Pump,  mercury,  804,  805* 

Purple  ore,  317,  318 


Pyrargyrite,  localities  of,  589 

Pyrites  burners,  for  calcination  of  copijer 

ores,  47-52 ;  for  lead  ores,  428 
Pyrite  smelting,  of  copper,  158-165 
Pyrites,  gold -parting  by  means  of,  1046, 

1047 
Pyromorphite,  localities  for,  380 


Q 


Quickfasser,  828 

Quickmills,  961  {see  Hungarian  mills) 


R 


Raffinad,  or  refined  copper,  238 

Rammelsberg,  on  cuprous  oxide  in 
copper,  3  ;  on  silver  extraction  pro- 
cess at  Oker  and  Altenau,  733;  on 
Krohnke  process,  753 ;  a  patio  pro- 
cess, 771 ;  on  solubility  of  silver 
sulphate,  900 

Ramsay,  on  the  Jumbo  furnace,  415  n 

Rand  Central  Ore  Reduction  Co.,  Mac- 
Arthur-Forrest  process  at  works  of, 
1022,  1033 

Randolph,  electrolytic  method  of  copper 
extraction,  349,  363,  366 

Raschette  furnace,  117  ;  at  Altenau,  459, 
480-482  ;  at  Clausthal  and  Lauthen- 
thal,  509,  510*,  511*,  512  ;  for  smelt- 
ing silver  ores,  599-601 

Rath,  on  composition  of  slag  from 
American  lead  smelting  works,  450 

R^amur,  on  ductility  of  gold,  919 

Red-shortness  in  copper,  causes  of,  6 

Reef-gold,  926 

Reese  River,  process  of  silver  extraction, 
834,  et  seq. 

Regnault,  on  specific  heat  of  silver,  578 ; 
of  gold,  920 

Reissherd,  239 

Reverberatory  furnaces,  for  calcination 
of  copper  ores,  73-106 ;  fixed  hearths 
worked  by  hand,  73 ;  by  machinery, 
78  ;  with  movable  beds,  101  ;  with 
movable  working  chambers,  103 ; 
for  calcination  of  copper  mattes, 
148 ;  smelting  calcined  ore  for 
coarse  metal  in,  170-188  ;  smelting 
white  metal  for  ooarse  copper  in, 
192-196  ;  refining  in,  242-248  ;  for 
production  of  copper  chloride  in  dry 
way,  297-313 
air-reduction  of  lead  ores  in,  385-387  ; 
for  preparatory  roasting  of  lead 
ores,  429-440 ;  with  movable  hearths, 
440-442 

Rhenania  Co. ,  the,  of  Stolberg,  builders 
of  Hasenclever  furnaces,  107 

Richter,  on  hand-pattinsonising,  630  n 

Riemsdijck,  on  melting  point  of  silver, 
578  ;  of  gold,  919 
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Roaster  slag,  composition  of,  196 
Roasting  and  reduction  process  for  ex- 
traction of  lead,  419-521  ;  effect  of 
foreign  substances,  420,  421 
roasting   ores,  421-423;    preparatory 
roasting,  423,  424;   heap  roasting, 
424-428  ;  roasting  in  shaft  furnaces, 
429,  430 ;  in  reverberating  furnaces, 
429-440 ;    with    movable    hearths, 
440-442;  smelting  roasted  ores  in 
shaft-furnaces,  443-487 ;  process  of 
smelting,    487-491  ;     treatment    of 
lead  matte,   491-493;    smelting  at 
Langelsheim  and  Goslar,  493,  494  ; 
at  Freiberg,   494-498;    at  Mecher- 
nich,   498;    at  Altenau,  498,   499; 
at  Przibram,  499 ;   at  Denver,  500, 
601;  in  Spain,  501,  502;  in  Italy, 
503;  in  Australia,   504;   combined 
with  iron-reduction  process,  521 
Roberts-Austen,    on  electrical    conduc- 
tivity of   gold,    920  71;    on    Miller 
process,  1048 
Robinson  mill,   Transvaal,   gold   stamp 
mills   at,   958 ;   MacArthur-Forrest 
process  at,  1022,  1028 
Roeher,  composition  of  zinc-silver  scum 

from  Friedrichshutte,  693 
Rosing,   his  lead-pump,   566,  567*  ;   on 
desilverisine     process,      652 ;      on 
liquation  of  zinc  scums  at  Altenau 
and  Lauthenthal,  662;   on  distilla- 
tion of  zinc  scums,  674 ;  on  oxida- 
tion of  zinc  scums,  676 ;  on  English 
furnace  for  cupellation  of  argenti- 
ferous lead,  720 
Roessler,   on   production  of    zinc-silver 
alloy  from    work-lead,    642,    688 ; 
process  for  refining  blicksilber,  729, 
730 ;  on  precipitation  of  gold,  1037  ; 
on  gold-parting  by  sulphur,  1046 ; 
on  gold-refining,  1056  et  aeq. 
R<)szner,  on  Augustin  process,  849 
Roger,  on  gold-parting  by  sulphur,  1045 
Root's  blower,   1 17  ;   used  in  European 

lead  furnaces,  468 
Ropp  furnace,  for  calcination  of  copper 
ores,   88* ;   for  roasting  lead  ores, 
439 
Rose,  G.,  on  specific  gravity  of  silver, 

578  ;  of  gold,  919 
Rose,  H. ,  on  silver  oxide,  579 
Rose,  T.  Kirke,  on  volatility  of  gold, 
920 ;   on  Crawford  mill,  947  n  ;   on 
stamp  mills,  952  n ;    on    Plattner's 
process,      980  7i;     on     Munktell's 
process,     988  n  ;      precipitation    of 
gold,    1003 ;    solution    of    gold    by 
bromine,     1000  n ;     by    potassium 
cyanide,  1015 ;   composition  of  gold 
from    Transvaal,    1039 ;     on    gold- 
parting   at  the   Mint,    1052  n ;    on 
Gutzkow  process,  1068 ;  refining  of 
gold,  1088  n 
Rossie  furnace,  410,  412*,  413 


Rotating  cylinders  for  roasting  lead  ores, 

440-442 
Kothglas  manufacture,  495 
Rothgiiltigerz,  dunkles,  «ee  Pyrargyrite  ; 

lichtes,  nee  Proustite ;  schwarz,  ««€ 

Stephanite 
Rothschild's    works,     Havre,    Cordurie 

process  at,  676 
Rothwell,  his  drying  furnace,   978;    in 

chlorination  of  gold  ores,  991 
Roux      works,      Marseilles,       Gramme 

machines  used    in   copper    refining 

at,  348 
Rozan    process    of     silver    extraction, 

636-641 

Ruprecht,  on  barrel  amalgamation 
process,  827 

Russell,  on  reaction  of  sodium  copper 
thiosulphate  with  silver  sulphide, 
581 ;  with  silver  chloride,  584  ;  with 
silver  arsenate  and  antimonite,  586, 
876 ;  on  action  of  sodium  thio- 
sulphate on  gold,  922  ;  on  lixiviation 
of  silver  with  sodium  thiosulphate, 
861  ;  his  process  of  silver  precipita- 
tion, 891-898 


Sseger,  on  Tamowitz  process,  403  n 
Saigerdorner,  treatment  of,  542 
Saigerheerd,  for  liquation  process,  620, 

621* 
Sailor's  Union  Mine,  California,  hydrau- 
lic mining  at,  393 

St.  Claire  Deville,  on  silver  oxide,  680, 
695 

Salamander,  see  Bear 

Schaffner,  on  solution  of  copper  by 
ferrous  chloride,  297;  improved 
Maletra  furnace,  63* 

Schaffner  and  Unger,  on  action  of  ferrous 
chloride  on  copper  carbonate,  276 

Scheele,  on  solution  of  gold  in  potassium 
cyanide,  1010 

Scheidel,  on  the  MacArthur-Forrest 
process,  1010  n 

Sehemnitz  Mill,  for  gold  amalgamation, 
961,  962* 

Schertel,  on  reduction  of  lead  ores,  452 ; 
composition  of  furnace  gases,  453  ; 
composition  of  Freiberg  lead  before 
cotter  desilverising,  555,  556. 

Schlackenrostung,  422,  423 

Schlicker,  210,  533 

Schliiter,  on  gold-parting,  1043 

Schieren,  428 

Schmidt,  on  electrolytic  method  of 
copper  extraction,  349,  363,  366 

Schnabel,  on  leading  silver  matte,  613  n ; 
method  for  extracting  zinc  oxide  by 
ammonium  carbonate,  679-687  ;  on 
patio  process,  776 

Schnedermann,  on  smelting  of  lead  sul- 
phate, 528 
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Schneider,  on  composition  of  lead  from 
American  smelting  works,  450 

Schiittoffen,  nee  Dust  furnace 

Scotch  hearth,  used  in  air  reduction  pro- 
cess of  lead  extraction,  410,  411*, 
412* 

Scums  from  lead  in  cupellation  smelting 
process,  treatment  of,  533  {see 
Skumnas) 

S^lecteur  converter,  224,  225*,  226 

Semenikoff,  on  treatment  of  copper 
matte,  158 

Series  system  in  electrolytic  production 
of  copper,  363-367 

Sexton,  composition  of  residues  from  air- 
reduction  process,  529 

Shaft  furnaces,  for  calcination  of  copper 
ores,  47  ;  pyrites  burners,  49  ;  roast- 
ing ore-fines  in,  53-55  ;  for  smelting 
calcined  copper  ores,  110,  114 ;  dis- 
position of  tuyeres  and  blast  ap- 
paratus in,  117, 118  ;  forehearths  in, 
123;  older  furnaces,  126-129; 
modern  furnaces,  129-141 ;  process 
of  smelting  in,  141  ;  calcination  of 
copper  matte  in,  144  ;  for  pyritic 
smelting,  158 ;  for  roasting  lead 
ores,  428,  429  ;  for  smelting  roasted 
ores,  443  453 ;  draught  furnaces, 
456-461 ;  construction  of  the  fur- 
nace, 461-471  ;  older  forms  of  fur- 
nace, 470-474 ;  recent  furnaces, 
474-487 

Sheffield's  firebridge,  used  in  £nglish 
calciners,  169 

Sheridan  Mill,  New  Mexico,  Washoe 
process  at,  810 

Siberian  reduction  hearth,  for  treatment 
of  litharge,  534 

Sieger,  see  Flach 

Siemens,  F.,  on  modified  Fortchaufel- 
ungsofen  with  naphtha  firing,  213*, 
214 

Siemens,  Werner,  on  circulation  of 
electrolyte  in  copper  bath,  356 

Siemens  and  Halske,  process  for  electro- 
metallurgical  extraction  of  copper, 
328-336,  342  ;  high  tension  dynamos 
of,  341,  349 ;  costs  of  copper  pro- 
duction, 363 ;  process  for  treating 
mixed  sulphide  ores  for  lead,  571  ; 
an  electrolytic  precipitation  of  gold 
from  cyanide  solutious,  1031-103is 

Sierra  Buttes  Mine,  California,  stamp 
mills  at,  957 ;  chlorination  of  gold 
at,  984 

Silberhiitte,  Alexisbad,  roastins  lead 
ores  at,  434  ;  Fong's  process  of  treat- 
ment of  mixed  sulphide  ores  at,  570 

Silicates,  formation  and  reduction  of, 
in  smelting  copper  ores,  112,  113; 
proportions  of  in  various  slags,  114 

Silliman,  on  patio  process,  781 

Silver  [see  also  under  Work-Lead) 
Physical    properties,    578 ;    chemical 


properties,  579 ;  chemical  reactions 
of  compounds,  579-586 ;  alloys, 
586-588;  ores,  588-591;  methods 
of  extraction  from  ores,  591-6^*7 

Extraction  by  Dry  Methoda,  593-731  ; 
production  of  work-lead  from  silver 
ores,  594-607 ;  ^rom  metallurgical 
bye-products,  607-^24. 

Concentration  of,  in  work-lead,  624, 
el  8eq.;  the  Pattinson  process,  625- 
636  ;  the  Rozan  pfooess,  696-641 

Desilverising  by  means  of  zioc,  641- 
644 ;  process  of  silver-lead  zinc  aUoy, 
644  et  seq.  ;  desilverising  pruoess, 
651-657 ;  liquation  of  zinc  fsoiuns, 
657-663 ;  treatment  of  desilverMed 
lead,  663-665;  distillation  of  zino 
scums,  665-675 ;  smelting  rich  bcums, 
675;  cupellation  of  rich  scams, 
675,  676;  melting  zinc  scums  witJi 
alkaline  chlorides,  676;  ozidatMm 
of  zinc  by  steam,  676-679;  lixivia- 
tion  of  zinc  oxides,  679 ;  extraction 
of  zinc  oxide,  679-687;  combined 
Pattinson  and  zinc-desiiverising  pro- 
cess, 688  ;  production  of  zinc-alver 
alloy  from  work-lead,  688-403; 
cupellation  of  argentiferous  lead, 
693-725;  refining  of  blicke^aber, 
725-729 ;  refining  in  crucibles,  729- 
731 

Extraction  by  Combined  Dry  and  Wet 
Proctsaes,  731-912;  conversiim  d 
silver  into  silver-lead  allo^,  731 

processes  in  which  silver  is  not  dis- 
solved, 731,  732 ;  extraction  of  silver 
from  argentiferous  black  oopp«r  by 
sulphuric  acid,  732-738 ;  from  cippeV 
matte  by  sulphuric  acid,  738-7*^. 

processes  in  which  the  silver  itt  dix- 
solved,  742-743 ;  extraction  of  silver 
by  amalgamation  process,  743  et  m^.  ; 
the  Cazo  process,  750^752 ;  tOA 
Krohnke  process,  752-759  ;  the  Batio 
process,  759-782 ;  the  Washoe  pro- 
cess, 782-810 ;  the  combination  pro> 
cess,  810,  811;  the  Boss  proeeas, 
811-813. 

amalgamation  with  reag^ts  preoedod 
by  a  chloridisin^  roasting,  813-841  ; 
amalgamation  with  a  soluble  salt  of 
mercury,  841, 842 ;  recovery  of  silver 
from  silver  amalgam,  842-846  ;  pre- 
cipitation of  silver,  846,  847 ;  as 
chloride,  847, 848 ;  Augustin  procesB, 
848-860;  patera  process,  860-M9 : 
extraction  of  soluble  compounds  ol 
base  metals  by  means  of  viUf , 
869-875 ;  leaching  with  sodium  lhlo> 
sulphate,  875-879;  precipitation  €^ 
silver  from  the  solution,  879-88S ; 
treatment  of  precipitated  9il%-er 
sulphide,  882-888;  Kiss 
889-891 ;  Russell  process,  891 
production    of    silver  from 
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copper    ores,     898-899 ;    Ziervogel 

process,  899-909;   cyanide   process, 

909-912 
Extraction     hy     Ekrtro-MttalUirgvccd 

Methods,      912-918 ;      copper-silver 

alleys,  912-913;   lead-silver  alloys, 

914-916  ;  zinc-saver  alloys,  916^  918 
Silver  compounds,   &c. :   bromide,   585 ; 

chloride,  583-585 ;  glance  localities, 

589  ;  horn,  590 ;  iodide,  585 ;  native, 

588 ;    oxides,     579-695 ;     sulphide, 

580-583 
Silver  King  Works,  Arizona,  Patera  pro- 
cess at,  867 
Sinding,  on  precipitation  of  copper,  284 
Sinterrustunff,  42:),  439 
Skinder,  on  furnaces  for  smelting  copper 

ores,  117,  138,  139* 
Skumnas,    formation    of,    113,    157;    in 

smelting  lead  ores,  446 
Slag-nose,  copper  smelting  with,  117 
Slag-pots,  185^;  used  at  lead  smelting 

works,  U.S.A.,  487,  488* 
Smith,  see  Jenkins 
Snelus,  on  precipitation  of  silver  with 

iron,  899 
Sodium    copper    thiosulphate,    reaction 

with    silver    sulphide,    581 ;    thio- 
sulphate, a  solvent  for  copper,  280 ; 

for  silver  and  gold,  854 
Solon,  lead  slags  from  Laurium,  dating 

from  time  of,  531 
Sonnenschmidt,  on  patio  process,  773 
Sophien  works,  nee  Frau  Sophienhiitte  (in 

Geographical  Index) 
Sorel,  on  condition  of  sulphur  in  roasted 

sulphide  of  copper,  67 
Sow,  H€€  bear 
Speiss  (Speise),  formation  of,  in  melting 

copper  ores,  111 ;  composition  of,  at 

Scnmollnitz     and     Nensohl,     142 ; 

amalgamation  of,  83^838 
Spence  furnace,  for  copper  extraction, 

68*,  89,  169* 
Spenuy,  effect  of  bismuth  and  antimony 

on  brass,  415 
Spitting  of  sQver,  578,  730,  731 
Spitzkasten,   used   in   extracting    silver 

from  argentiferous  copper,  739 
Spleiss  furnace  for  copper  refinijug,  210, 

242,  243* 
Spongy  resulus,  203 
Spring  Viuley  Mine,   hydraulic  mining 

at,  940 
Sprilhen,   or    copper    rain,    in    refining 

process,  241 
Spurofen,  118,  461 
Spnrsteiu,  153,  154 
Stahl,  effect  of  arsenic  on  copper,  259 ; 

on  production  of  chloride  of  copper 

in  dry  way,  298,  299  n 
Stall-roasting   of  copper  ores,  40,  43*, 

44* ;  of  copper  matte,  146,  147  ;  of 

lead  matte,  491 
Stalmann,  his  converter,  222,  224* ;  his 

VOL.    1. 


electrolytic    method  of  copper  ex- 
traction, 349,  363 

Staubrostung,  423,  437 

Steinbeck,  on  Ziervogel  process,  905 

Sieitz,  process  for  casting  lead,  565 ; 
system  of  water  cooling  after  cupel- 
lation  process,  720* 

Stephanite,  localities  for,  590 

Stephans  works,  Hungary,  amalgamation 
of  black  copper  at,  831 

Stetefeldt  furnace,  815.  816*,  822*,  833, 
837 

Stetefeldt,  on  patio  process,  781  ;  on 
chloridising  roasting  of  silver  ores, 
821  ;  on  patera  process,  865  n  ;  on 
composition  of  precipitated  silver 
sulphide,  884 

Stevenot,  his  amalgamator,  972 

Stevenson  pan,  for  Washoe  process,  795, 
796,  797* 

Sticht,  on  pyritic  copper  smelting,  159, 
162,  163 

Stolberg  furnace,  formerly  used  at 
Freiberg,  464,  465*,  472,  473*,  475 

Stolzel,  on  patio  process,  775 

Strabo,  lead  slaffs  from  Laurium  dating 
from  time  of,  531 

Strauch,  on  hand -pat tinsonising  at  Lau- 
thenthal,  633 

Strenff,  on  composition  of  Harz  lead  de- 
silverised  by  Pattinson's  process,  553 

Strohmeyer,  on  lixiviation  of  copper  by 
sodium  thiosulphate,  280 

Stromeyerite,  localities  for,  589 

Styrian  stall,  copper  roasting  in,  45 

Sulman  and  Teed,  cyanide  process  for 
dissolving  gold,  1040 

Sulphuretted  nydrogen,  as  precipitant  for 
copper,  280 ;  generator  for,  1000, 
1001 

Sulphuric  acid,  manufacture  of ,  at  Mans- 
feld,  208 ;  used  for  lixiviation  of 
copper,  274  ;  extraction  of  silver  from 
argentiferous  copper  by,  738-742 ; 
goTd-partinff  by,  1055-1077 ;  pre- 
paration of  alloy,  1057-10i50;  solu- 
tion of  silver  with,  1060-1064; 
treatment  of  gold  with,  1064-1069; 
extraction  of  silver  by,  1069-1077 

Siilu-f  umaces  for  smelting  calcined  copper 
ores,  126,  127* 

Summit  Mining  and  Smelting  Co.,  copper 
extraction  by,  159 

Sumpf-ofen,  118,  461 

Suttar's  process  of  gold  chlorination, 
988 ;  of  precipitation,  994 

Swinburne,  see  Ashcroft 

Sylvanite,  927    . 

Syphon  tap  in  lead  smelting  furnaces, 
462 


rv 


Tapping  copper,  devices  for,  263 
Tapping  process  or  mechanical  pattinson- 
ising,  633-636 

4   C 
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TamoMUtz  process   of   lead    extraction, 
400-405  ;  furnaces  for,  at  Frederichs- 
hiitte,  402*,.404*,  405* 
Teichmaun,      on      hand-pattinsonising, 

633  71 
Tellurium,  in  distillation  products  of 
zinc  scums,  674  ;  in  slags  from  re- 
fining of  silver,  723 ;  effect  on  gold, 
923 ;  compounds  with  gold,  927 ; 
graphic  tellurium  and  white  tel- 
lurium, 927 ;  composition  of  ores 
containing,  928 ;  treatment  of  t^- 
luride  gold  ores,  1010 

Tennant,  on  production  of  copper  chloride 
in  dry  way,  297 

Terhune,  on  roasting  lead  matte  at  Salt 
Lake  City,  491 ;  on  furnace  erected 
at  Hanover  works,  439 

Tetrahedrite,  see  Fahl  ore 

Tharsis  Sulphur  and  Copper  Works, 
filtration  of  ferric  sulphate  through 
ore  smalls  at,  281 ;  furnaces  for 
production  of  copper  chloride  at 
311,  312*  ;  precipitation  of  copper 
at,  319 

Thies  process  of  gold  chlorination,  990 

Thofern,  arrangement  of  copper  electro- 
lytic plant  in  multiple  series,  351, 
352  n,  355*  ;  composition  of  electro- 
lyte, 358  ;  purification  of  electrolyte, 
361 ;  electrolysis  under  high  pressure, 
369 ;  treatment  of  anode  slimes  for 
silver,  913 

Thompson,  Lewis,  on  gold-parting  with 
chlorine  gas,  1048 

Tichenor,  his  amalgamator,  972 

Tiegelofen,  118 

Tile  copper,  191 

Tile  ore,  14 

Tilting  furnace  at  Great  Falls,  Montana, 
185 

Tin,  precipitation  of  copper  by,  282 ; 
effect  on  gold,  920 

Tina  amalgamation,  838-841 

Tina,  the,  in  silver  amalgamation,  747* 

Tintin  process  of  silver  extraction,  746 

Tom,  used  in  gold  washing,  930 

Tommassi,  on  electrolytic  extraction  of 
silver,  915 

Ton,  the,  used  in  America,  229  n 

Topetti,  on  electrolysis  of  copper  matte, 
338 

Torta,  in  patio  process,  766*  ;  chemical 
reactions  in,  771-777 

Toughening  of  refined  copper,  238  (see 
also  HammergaarmacbBn) 

Tough  poling  of  copper  (Zahpolen),  257 

Trapiche,  nee  Chilian  Mill 

Treadwell  Mill,  stamp  mills  at,  958 ; 
chlorination  of  gold  at,  984 

Treasury  Mine,  Transvaal,  Legget's 
method  at,  1029 

Trisilicates,  formation  of,  in  smelting 
calcined  copper  ores,  113 

Troost,  on  silver  oxide,  580,  695 


Troostite,  see  Willemite 

Tubalkain    Works,   Remagen,    English 

process  of  copper  smelting  at,  :206 
Tulloch  ore-feeders,  789,  790* 
Turret  furnace,  aejp.  Pearce  furnace 
Twelve  Apostles  Co.,  the,  Ruda,  964 


U 


Ulke,  Titus,  on  electrolytic  pixxluction 
of  copper,  360  /i,  361  ;  on  a  tellurium- 
bearing  slag  from  silver  refiniuKf  723 

Ulrich,  on  production  of  copper  chloride 
in  the  dry  way,  291 

Unger,  see  Schafiher 

Us&r,  on  patio  process,  771 


•*  V  "-method  of  ore  roasting,  36* 

Vautin's  process  of  gold  chlorination,  989 

Verblasen,  143,  210 

Vienna  Mill,  Idaho,  pan  amalgamation 
at,  835 

VioUe,  on  melting  point  of  copper,  2 ;  of 
silver,  678 

Vivian's  Works,  Swansea,  converter  pro- 
cess at,  232 

Vogel  furnace,  456,  472* 

Vogel,  on  treatment  of  mixed  sulphides 
for  lead,  570 ;  on  solubility  of  silver 
chloride  in  chloride  solntwww,  583, 
584,  849 


W 


Wagner,  on  extraction  of  gold  by  brom- 
ine, 1007 

Wait,  on  reactions  of  silver  oxide,  580, 
695 

Walker,  apparatus  for  tapping  copper, 
262*,  263,  264*,  265* 

Wallanx)  Works,  Australia,  copper 
matte  produced  at,  167 

Walther-Kroneck  Works,  Schoppnitz, 
Tamowitz  process  at,  401,  494 

Washington  Mine,  composition  of  con- 
centrates from  Frue  vanners  at,  976 

Washoe  process  of  pan  amalgamation, 
782-810  ;  crushing  the  ores,  785-781 ; 
treatment  of  powdered  ore  in  pans, 
791-799 ;  separation  of  amalgam 
from  ore,  799-802 ;  treatment  of 
amalgam,  802-807 ;  treatment  of 
ores  after  amalgamation,  807-810 

Weathering  of  copper  ores,  286 

Webster  Mining  and  Milling  Co.,  com- 
bination process  of  silver  extraction 
at,  811 

Wedding  and  Ulrich,  on  production  of 
copper  chloride  in  dry  way,  298 
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Weinberg,  on  coiniiosition  of  lead  slags, 

449 
Weissglas,  495 
Wellner  stalls  for  roasting  copper  ores, 

4«">*,  46*  ;  for  ilead  roasting  of  cop- 

\HiT  matte  nt  Lauthenthal,  147;  for 

roasting  lead  matte,  491,  519 
Wellner^s    modified    Vogel    furnace    at 
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